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PREFACE. 



f 

< The progress of modem science, especially within 

the last five years, has heen remarkable for a ten- 

: dency to simplify the laws of nature, and to unite 

detached branches by general principles. In 
some cases identity has been proved where there 
aj^peared to be nothing in common, as in the elec- 

I trie and magnetic influences ; in others, as that of 

I 

light and heat, such analogies have been pointed 
I out as to justify the expectation, that they will 

ultimately be referred to the same agent : and in 
all there e^sts such a bond of union, that profi- 
ciency cannot be attained in any one without a 
knowledge of others. 

Although well aware that a far more extensive 
illustration of these views might have been given, 
the author hopes that enough has been done tc 
show the connexion of the physical sciences. 



ERRATA. 

Page 

46. line 5. f«r " 13th," read "SOth." 

56, line 6 firom bottom, for " discrepancies,*' read " discrepances.'* 

57, for lines 3d and 4th, read ** gives ^ ^ flVg 9 for the compression 
deduced from arcs of the meridian." 

59, Note. — The effect of local attraction on the pendulum is so great, 
that it has rendered the experiments made with that instrument 
for the purpose of ascertaining the compression of the earth very 
uncertain. Mr. Baily. President of the Astronomical Society, has 
devoted much attention to the investigation of this subject He 
finds that the experiments of Captain Foster, whose early loBt it 
so justly lamented, give a compression of g g ^.^ g ; those of Cap- 
tain Sabine give-g-B* -^-Tf-^ . the mean of the French and Russian 
experiments give - aw . & a . from the mean of the whole Mr. 
Baily deduces the compresaon to be -g- ^ ^.^^ . but even this ia 
not conclusive. 

64, line 7. for " 92246700." read " 95296400."— Line 8, for " ninety- 
two," read " ninety-five." 

iVoto.— If the computation be made with the more accurate pa- 
rallax 8"*5776. the sun's distance is 95070500 miles. 

67. line 8, the quantity TT ytt^'fta 4 * ^P^senting the compression 
of Jupiter, was not deduced from Encke's comet, but from the 
perturbations of Juno. 

Note. — Professor Airy has recently determined the most accu- 
rate estimation of the value of the mass of Jupiter to be i-jr-^^-g-cr^-j^ 
deduced from the elongation of the fourth satellite : he has also 
Ibund that the mass of the whole Jovial system is x a^V " ? . 
showing how small a proportion the mass of the satellites bears to 
that of the planet. 

68. line 8, for " 886860," read " 886952." 

88. lines 7 and 8 from bottom, for " radius," read " diameter." 
99. line 7, for " poles," read " pole." 

128, lines 1 and 2 fVom bottom, for " volume." and " volumes," read 

" atom" and " atoms." 

129, lines 1 and 3, for ** volumes'* and " volume," read " atoms" 
and " atom.* 

132, line 9, for " freezing," read " zera" 

144, line 11, for " 1090," read " 1123." 

220, line 3 from bottom, for " rays," read ** images.' 
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SECTION I. 

All the knowledge we possess of cxtenial ob- 
jects is founded upon experience, wliich furnishes 
facts; and the comparison of these facts esta- 
blishes relations, from which induction, the in- 
tuitive belief that like causes will produce like 
effects, leads to general laws. Thus, experience 
teaches that bodies fall at the surface of the 
earth with an accelerated velocity, and with a 
force proportional to their masses. By comparison, 
Newton proved that the force which occasions the 
fall of bodies at the earth's surface, is identical 
with that which retains the moon in her orbit ; 
and induction led him to conclude that, as the 
moon is kept in her orbit by the attraction of the 
earth, so the planets might be retained in their 
orbits by the attraction of the sun. By such steps 
he was led to the discovery of one of those powers 
nth which the Creator has ordained that matter 
hould reciprocally act upon matter. 
Physical astronomy is the science which com- 
res and identifies the laws of motion observed on 
*th with the motions that take place in the 

^ \\ 



2 CONNEXION OF THE 

heavens ; and which traces, by an uninterrupted 
chain of deduction from the great principle that 
governs the universe, the revolutions and rotations 
of the planets, and the oscillations of the fluids at 
their surfaces ; and which estimates the changes the 
system has hitherto undergone, or may hereafter 
experience — changes which require millions of 
years for their accomplishment. 

The accumulated efforts of astronomers, from 
the earliest dawn of civilization, have been neces- 
sary to establish the mechanical theory of astro- 
nomy. The courses of the planets have been ob- 
served for ages with a degree of i>erseverance that 
is astonishing, if we consider the imperfection and 
even the want of instruments. The real motions 
of the earth have been separated from the apparent 
motions of the planets ; the laws of the planetary 
revolutions have been discovered; and the disco- 
very of these laws has led to the knowledge of tlie 
gravitation of matter. On the other hand, de- 
scending fi'om the principle of gravitation, every 
motion in the solar system has been so completely 
explained, that the account of no astronomical 
phenomenon can now be transmitted to posterity 
of which the laws have not been determined. 

Science, regarded as the pursuit of truth, which 
can only be attained by patient and unprejudiced 
investigation, wherein nothing is too great to be 
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attempted, oothiBg eo minute «fl to be justly disre- 
garded, must ever a£brd occupation of consummate 
interest and subject of elevated meditation. The 
oontemplatiaBi of tbe woiks of creation elevates the 
mindtotiie admiration of whatever is great and no- 
bie ; aceompiisbiRgtbe object of all study, — ^which, 
in die elegant language oi Sir James Maddntoahy 
^ is to inspire the love of truth, of wisdom, of beauty, 
especially of goodness, the highest beauty, axwl of 
that supreme and eternal Mind, which contains all 
truth and wisdom, all beauty and goodness. By 
the love or delightful contemplatioa and pursuiit 
of these transcendent aims, for their own sake only, 
the mind of man is raised £:om low and perii^aUe 
dbjects, and prepared for those high destinies which 
are appoaaied for all those who are capable of 
them.' 

The heavens afford the most sublime subject of 
study which can be derived from science. The 
magnitude and splendour of the objects, the iq- 
(xmceivable rapidity with which they move, and 
the enormous distances between them, impress the 
mind with some notion of the energy that main^ 
tains them in their motions with a durability to 
which we can see no limit. Equally conspicuooB 
is the goodness of the great First Cause, in having 
endowed man with faculties by which he can not 
only appreciate the magnificence of His works, 

B 2 



4 CONNEXION OF THE 

but trace, with precision, the operation of his laws ; 
use the globe he inhabits as a base wherewith to 
measure the magnitude and distance of the sun 
and planets, and make the diameter of the earth's 
orbit the first step of a scale by which he may as- 
cend to the starry firmament. Such pursuits, while 
they ennoble the mind, at the same time inculcate 
humility, by showing that there is a barrier which 
no energy, mental or physical, can ever enable us 
to pass : that however profoundly we may pene- 
trate the depths of space, there still remain innu- 
merable systems, compared with which those ap- 
parently so vast must dwindle into insignificance, 
or even become invisible ; and that not only man, 
but the globe he inhabits, — ^nay, the whole system 
of which it forms so small a part, — might be an- 
nihilated, and its extinction be unperccived in the 
immensity of creation. . 

Although it must be acknowledged that a com- 
plete acquaintance with physical astronomy can be 
attained by those only who are well versed in the 
higher branches of mathematical and mechanical 
science, and that they alone can appreciate the ex- 
treme beauty of the results, and of the means by 
which these results are. obtained, it is nevertheless 
true that a sufficient skill in analysis to follow the 
general outline, — to see the mutual dependence of 
the difierent parts of the system, and to compre- 
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hend by what means some of the most extraordi- 
nary conclusions have been arrived at, — is within 
the reach of many who shrink from the task, ap- 
palled by difficulties, which, perhaps, are not more 
formidable than those incident to the study of the 
elements of every branch of knowledge ; and who 
possibly overrate them from disregarding the dis- 
tinction between the degree of mathematical ac- 
quirement necessary for making discoveries, and 
that which is requisite for understanding what 
others have done. That the study of mathematics, 
and their application to astronomy, are full of in- 
terest, will be allowed by all who have devoted their 
time and attention to these pursuits; and they 
only can estimate the delight of arriving at the 
truths they disclose, whether it be in the discovery 
of a world or of a new property of numbers. 

SECTION II; 

It has been proved by Newton, that a particle 
of matter, placed without the surface of a hollow 
sphere, is attracted by it in the same manner as if 
the mass of the hollow sphere, or the whole matter 
it contains, were collected in its centre. The same 
is, therefore, true of a solid sphere, which may be 
supposed to consist of an infinite number of con- 
centric hollow spheres. This, however, is not the 
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Hence, by the law of action and re-action, each 
body is itself the centre of an attractive force ex- 
tending indefinitely in space, whence proceed all 
the mutual disturbances which render the celestial 
motions so complicated, and their investigation so 
difficult. 

The gravitation of matter, directed to a centre, 
and attracting directly as the mass and inversely 
as the square of the distance, does not belong to 
it when considered in mass only ; particle acts on 
particle according to the same law when at sensible 
distances from each other. If the sun acted on the 
centre of the earth without attracting each of its 
particles, the tides would be very much greater 
than they now are ; and would also, in other re- 
spects, be very different. The gravitation of the 
earth to the sun results from the gravitation of 
' all its particles, which, in their turn, attract the 
sun in the ratio of their respective masses. There 
is a reciprocal action likewise between the earth 
and every particle at its surface; were this not 
the case, and were any portion of the earth, how- 
ever small, to attract another portion, and not be 
itself attracted, the centre of gravity of the earth 
would be moved in space by this action, which is 
impossible. 

The forms of the planets result from the reci- 
procal attraction of their component particles. A 
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detached fluid mass, if at rest, would assume the 
form of a sphere, from the reciprocal attractioii of 
its particles; hut if the mass revolves ahout an 
axis, it hecomes flattened at the poles, and bulges 
at the equator, in consequence of the centrifugal 
force arising from the velocity of rotation,— ^for 
the centrifugal force diminishes the gravity of the 
particles at the equator, and equilibrium can only 
exist where these two forces are balanced by an 
increase of gravity; therefore, as the attractive 
force is the same in all particles at equal distances 
from th6 centre of a sphere, the equatorial particles 
would recede from the centre, till their increase in 
number balanced the centrifugal force by their 
attraction : consequently, the sphere would become 
an oblate spheroid ; and a fluid partially or entirely 
covering a solid, as the ocean and atmosphere cover 
the earth, must assume that form in order to re- 
main in equilibrio. The surface of the sea is there- 
fore spheroidal, and the surface of the earth only 
deviates from that figure where it rises above, or 
sinks below, the level of the sea ; but the deviation 
is so small that it is unimportant when compared 
with the magnitude of the earth — ^for the mighty 
chain of the Andes, and the yet more lofly Hima- 
laya, bear about the same proportion to the earth 
that a grain of sand does to a globe three feet in 
diameter. Such is the form of the earth and 



10 COKN£XIOK OF TXS 

pknets; but <te compressioQ or flattening at their 
poks^ift 80 email, l^at even Jupiter, wkose rotation 
is the most rapid, and therefore t^e most dliptical 
of the plasets, may, from his great distance, be 
regarded as spherical* AUbovigh the planets attract 
each other as if they were spheres, (m account af 
thehr distances^ yet the satdlites are near enou^ 
ta be sensibly afiected in their motions by the 
forms of their primaries. The moooa, for exam|^, 
la so near the earth, that the reciprocal attraction 
between each of her particles, and each of the par- 
tides in the prominent mass at the terrestrial equa- 
tor, occasions considerable disturbances in the mo- 
tions of both bodies : for the action of the moon, 
on ike matter at the earth's equator, produces a 
notation in the axis of rotation, and the reaction 
of that matter on the moon is the cause of a cor- 
responding notation, in the lunar orbit 

If a sphere, at rest in space,, receiye an impulse 
passing through its centre of gravity, all its parts 
will move with an equal velocity in a straight line; 
but if the impulse does not pass through the centre 
of gravity, its particles, having unequal velocities, 
will have a rotadory motion at the same time that 
it is translated in space. These motions are inde- 
pendent of one another ; so that a contrary impulse, 
passing through its centre of gravity, will impede 
iCa progress, without inteifmng with its xiatatiim. 
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As the Ban lotatei about an axis^ it seems probable^ 
if an impulse in a contrary direction has not been 
given to his centre of graritj, that he moves in 
space, accompanied by all those bodies which com- 
poBCthe Bolar system-a circumstance which would 
in no way interfere with their relative motions ; 
far, in consequence of the principle that force is 
proportional to velocity, the reciprocal attractions 
of a system remain the aame, whether its centre of 
gravity be at rest, or moving uniformly in space. 
It is computed that had the earth received its mo- 
tion from a single impulse, such impulse must have 
passed through a point about twenty-five miles 
from its centre. 

Since the motions of rotation and translation ol 
the planets are independent of each other, though 
probably communicated by the same impulse, they 
form separate subjects of investigation. 



SECTION III. 

A planet moves in its elliptical orbit widi a ve- 
locity varying every instant, in consequence of two 
forces, one tending to the centre of the sun, and 
the other in the direction of a tangent to its orbit, 
arising from the primitive impulse given at the 
time when it* was launched into space : should the 
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force in the tangent cease, .the planet would fall to 
the sun by its gravity ; were the sun not to attract 
it, the planet would fly off in the tangent. Thus, 
when the planet is in aphelion, or at the point 
where the orbit is farthest from the sun, his action 
overcomes the planet's velocity, and brings it to- 
wards him with such an accelerated motion, that, 
at last, it overcomes the sun's attraction, and, 
shooting past him, gradually decreases in velocity, 
until it arrives at the aphelion where the sun's at- 
traction again prevails. In this motion the radii 
vectoreSy or imaginary lines joining the centres of 
the Sim and the planets, pass over equal areas in 
equal times. 

If the planets were attracted by the sun only, 
this would ever be their course ; and because his 
action is proportional to his mass, which is much 
larger than that of all the planets put together, the 
elliptical is the nearest approximation to their true 
motions, which are extremely complicated, in con- 
sequence of their mutual attraction, so that they do 
not move in any known or symmetrical curve, but 
in paths now approaching to, now receding from, 
the elliptical form ; and their radii vectores do not 
describe areas exactly proportional to the time. 
Thus the areas become a test of disturbing force&. 

To determine the motion of each body, when 
disturbed by all the rest, is beyond ' the pow'er of 
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analysis ; it is, therefore, necessary to estimate the 
disturbing action of one planet at a time, whence 
the celebrated problem of the three bodies, origi- 
nally applied to the moon, the earth, and the sun 
— namely, the masses being given of three bodies 
projected from three given points, with velocities 
given both in quantity and direction ; and, sup- 
posing the bodies to gravitate to one another with 
forces that are directly as their masses and invers^ 
as the squares of the distances, to find the lines' 
described by these bodies, and their positions at any 
given instant. 

By this problem the motions of translation of nU 
the celestial bodies are determined. It is an ex- 
tremely difficult one, and would be infinitely moi^e 
80, if the disturbing action were not very small 
when compared with the central force. As the dis- 
turbing influence of each body may be foimd sepa- 
rately, it is assumed that the action of the whole 
system, in disturbing any one planet, is equal to 
the sum of all the particular disturbances it expe- 
riences, on the general mechanical principle, that 
the sum of any number of small oscillations is 
nearly equal to their simultaneous and joint efiect. 

On account of the reciprocal action of matter, the 
stability of the system depends upon the intensit\^ 
of the primitive momentum of the planets, and the 
ratio of their masses to that of the sun — for the 
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nature of the conic flections in wlncb the celestial 
bodies move, depends upon ike velocity with which 
they were first poopdled in space : had that velo- 
city beea «uch as to make the pfainets move in 
cnrbits of imstable eqailibrivm, their mutual attrac- 
tions might iiave changed them into paraboke, or 
efftm hypeibolas, so that the earth and planets 
mfight, i^es ago, have been sweeping fiir from our 
sun through l^e abyss of space: but as like orbits 
differ very little from circles, the momentum of 
^ planets, when projected, must have been exactly 
sufficient to ensure the permanency and stability of 
the system. Besides, the mass of the sun is vastly 
greater than that -of any planet; and as their ine* 
qualities bear the same ratio to their elliptical mo- 
tions as their masses do to that of. the «un, their 
mutual distuibances only increase or diminish the 
eccentricities of their orbits by very minute quanti- 
ties; consequently, the magnitude of the sun's mass 
is the principal cause of the stabiHty of the system. 
Hiere is not in the physical world a more splendid 
example of the adaptation of means to the accom- 
plishment of the end, than is exhibited in the nice 
adjustment of these forces, at once the cause of 
the variety and of the order of Nature. 

The mean distance of a planet from the sun is 
equal to half the major axis of its orbit : if, therfe- 
Iwe, the planet deacrdsed a circle round the sun at 
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its mean dicrtaiDce, the motion ironld be uniftnn, 
and tbe periodic time raitltraed, because the planet 
would arrive at the apsides or extranities of the 
major axis at the same instant, and would have the 
same velocity, whether it moved in the ciienlar or 
elliptical orbit, since the curves coiBcide in these 
points ; but, in every other part, the dliptical mo* 
tion would either be faster or slower than the cir- 
cular or mean motion. Theclifference between the 
two is called the equation of the centre, which con- 
sequently vanishes at the apsides, and is at its 
maximum ninety d^rees distant firom these points, 
or in quadratures, where it measures the eccentri- 
city of the orbit, so that the place of a planet in its 
elliptical orbit is obtained by adding or subtracting 
the equation of the centre to or from its mean 
motion. 

The orbits of the planets have a very small in- 
clination to the plane of the ecliptic in which the 
earth moves; and, on that account, astronomers re- 
fer their motions to this plane at a given epoch as a 
known and fixed position. The paths of the planets, 
when their mutual disturbances are omitted, are 
ellipses,nearly approaching to circles, whose planes, 
slightly inclined to the ecl^tic, cut it in straight 
lines passing through the centre of the sun ; the 
points where an orbit intersects the plane of the 
ecliptic are its nodes. Tk wcaiSa^^^^^\^^ 
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lunar orbit, for example, is the point in which the 
moon rises above the plane of the ecliptic in going 
towards the north ; and her descending node is that 
in which she sinks below the same plane in mov- 
ing towards the south. The orbits of the recently 
discovered planets deviate more from the ecliptic 
than those of the ancient planets : that of Pallas, 
for instance, has an inclination of 35° to it; on 
which account it is more difficult to determine 
their motions. These little planets have no sen- 
sible effect in disturbing the rest, though their 
own motions are rendered very irregular by the 
proximity of Jupiter and Saturn. 

SECTION IV. 

The planets are subject to disturbances of two 
kinds, both resulting from the constant operation 
of their reciprocal attraction ; one kind, depending 
upon their positions with regard to each other, 
begins from zero, increases to a maximum, de- 
creases and becomes zero again, when the planets 
return to the same relative positions. In conse- 
quence of these, the disturbed planet is sometimes 
drawn away from the sun, sometimes brought nearer 
to him ; at one time it is drawn above the plane of 
its orbit, at another time below it, according to the 
position of the disturbing body. All such changes, 
being accomplished in short periods, some in a few 
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months, others in years, or in hundreds of years, 
are denominated Periodic Inequalities. 

The inequalities of the other kind, though occa- 
sioned likewise by the disturbing energy of the 
planets, are entirely independent of their relative 
positions ; they depend upon the relative positions of 
the orbits alone, whose forms and places in space 
are altered by very minute quantities in immense 
periods of time, and are, therefore, called Secular 
Inequalities. 

In consequence of the latter kind of disturbances, 
the apsides, or extremities of the major axes of all 
the orbits, have a direct but variable motion in 
space, excepting those of the orbit of Venus, which 
are retrograde ; and the lines of the nodes move 
with a variable velocity in a contrary direction. The 
motions of both are extremely slow; it requires more 
than 114155 years for the major axis of the earth's 
orbit to accomplish a sidereal revolution, that is, to 
return to the same stars; and 21067 years to 
complete its tropical motion, or to return to the 
same equinox. The major axis of Jupiter's orbit 
requires no less than 200610 years to perform its 
sidereal revolution, and 22*148 years to accomplish 
its tropical revolution, from the disturbing action 
of Saturn alone. The periods in which the nodes 
revolve are also very great. Besides these, the 
inclination and eccentricity of every orbit. «xt. vxv 
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State of perpetual but slow cliaiige. At the present 
time the inclinations of all the orbits are decreas- 
ing, but 80 slowly that the inclination of Jupiter's 
orbit is only about six minutes less now than it 
was in the age of Ptolemy. The terrestrial eccen- 
tricity is decreasing at the rate of about 41*44 
miles annually ; and, if it were to decrease equa- 
bly, it would be 37521 years before the earth's 
orbit became a circle. But, in the midst of all 
these vicissitudes, the major axes and mean motions 
of the planets remain permanently independent of 
secular changes ; they are so connected by Kepleif s 
law of the squares of the periodic times being pro- 
portional to the cubes of the mean distances of the 
planets from the sun, that one cannot vaiy without 
affecting tlie other. 

With the exception of these two elements, it 
appears that all the bodies are in motion, and 
every orbit in a state of perpetual change. Mi- 
nute as these changes are, they might be supposed 
to accinnulate in the course of ages sujQficiently to 
derange the whole order of nature, to alter the re- 
lative positions of the planets, to put an end to the 
vicissitudes of the seasons, and to bring about 
collisions which would involve our whole system, 
now so haimonious, in chaotic confusion. It is 
natural to inquire what proof exists that nature will 
he preserved from such a catastiophe ? Nothing 



PBTSICAL SCIBXCB8. 19 

can be known from observation, since the existence 
of the human race has occupied comparatively but 
a point in duration, Tvhile these vicissitudes embrace 
in3rnads of ages. The proof is simple and convinc- 
ing. All the variations of the solar S3rstem, secular 
as TfcU as periodic, are expressed analytically by the 
fines and cosines of circular arcs, which increase 
fwiih the time ; and, as a sine or cosine can never 
exceed the radius, but must oscillate between zero 
and unity, however much the time may increase, 
it follows that when the variations have, by slow 
changes, accumulated, in however long a time, to 
fi maximum, they decrease, by the same slow 
degrees, till they arrive at their smallest value, and 
again begin a new course, thus for ever oscillating 
about a mean value. This, however, would not 
be the case if the planets moved in a resisting 
medium, for then both the eccentricity and the 
major axes of the orbits would vary with the time, 
00 that the stability of tlie system would be ulti- 
mately destroyed. The existence of such a fluid 
is now clearly proved ; and although it is so ex- 
tremely rare that hitherto its efiects on the motions 
•of the planets have been altogether insensible, 
there can be no doubt that, in the immensity of 
time, it will modify the forms of the planetary 
orbits, and may at last even cause the destruction 
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of our system, which in itself contains no piin- 
ciple of decay. 

Three circumstances have generally been sup* 
posed necessary to prove the stability of the sys- 
tem : the small eccentricities of the planetary orbits^ 
their small inclinations, and the revolutions of al} 
the bodies, as well planets as satellites, in the 
same direction. These, however, though sufficient^ 
are not necessary conditions ; the periodicity of the 
terms in which the inequalities are expressed is 
enough to assure us that, though we do not know 
the extent of the limits, nor the period of that grand 
cycle which probably embraces millions of years, 
yet they never will exceed what is requisite for the 
stability and harmony of the whole, for the pre- 
servation of which every circumstance is so beauti* 
fully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed 
to be fixed at a given epoch for the convenience of 
astronomical computation, is subject to a minute 
secular variation of 45"'7, occasioned by the re- 
ciprocal action of the planets ; but, as this is also 
periodical, and cannot exceed 3°, the terrestrial 
equator, which is inclined to it at an angle of about 
23° 21' 34"-5, will never coincide with the plane 
of the ecliptic : so there never can be perpetual 
spring. The rotation of the earth is uniform; 
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therefore day and night, summer and winter, will 
continue their vicissitudes while the system endures, 
or is undisturbed by foreign causes. 

Yonder starry sphere 
Of planets, and of fixed, in all her wheels 
Besembles nearest mazes intricate, 
Eccentric, intervolved, yet regular, 
Then most) when most irregular they seem. 

The stability of our system was established by 
La Grange : * a discovery,' says Professor Play- 
fair, * that must render the name for ever memo- 
rable in science, and revered by those who delight 
in the contemplation of whatever is excellent and 
sublime.' After Newton's discovery of the me- 
chanical laws of the elliptical orbits of the planets, 
La Grange's discovery of their periodical inequali- 
ties is, without doubt, the noblest truth in physical 
astronomy ; and, in respect of the doctrine of final 
causes, it may be regarded as the greatest of all.. 

Notwithstanding the permanency of our system, 
the secular variations in the planetary orbits would 
have been extremely embarrassing to astronomers 
when it became necessary to compare observations 
separated by long periods. The difficulty was in 
part obviated, and the principle for accomplish- 
ing it established, by La Place ; but it has since 
been extended by M. Poinsot; it appears that 
there exists an invariable \Aai\c i^as.«iu^ \)KtQ>\"^\ 
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the centre of gravity of the system, about which 
the whole oscillates within very narrow limits, and 
that this plane will always remain parallel to itself, 
whatever changes time may induce in the orbits of 
the planets, in the plane of the ecliptic, or even in 
the law of gravitation ; provided only that our sys- 
tem remains unconnected with any other. The 
position of the plane is determined by this property 
— that if each particle in the system be multiplied 
by the area described upon this plane in a given 
time, by the projection of its radius vector about 
the common centre of gravity of the whole, the 
sum of all these products will be a maximum. La 
Place found that the plane in question is inclined 
to the ecliptic at an angle of nearly 1° 35' 31", 
and that, in passing through the sun, and about 
midway between the ©fbits of Jupiter and Saturn, 
it may be regarded as the equator of the solar 
system, dividing it into two parts, which balance 
one another in all their motions. This plane of 
greatest inertia, by no means peculiar to the solar 
system, but existing in every system of bodies sub- 
mitted to their mutual attractions only, always 
maintains a fixed position, whence the oscilla- 
tions of the system may be estimated through 
unlimited time. Future astronomers will know, 
from its immutability or variation, whether the 
sun and Iiis attendants ate coivncctftd or not with 
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the other systems of the imiverse. Should there 
De no link between them, it may be inferred, from, 
the rotation of the snn, that the centre of gravity 
of the system situate within his mass describes a 
straight line in this invariable plane or great 
equator of the solar system, which, imafifected by 
the changes of time, will maintain its stability. 
through endless ages. But if the fixed stars, 
comets, or any unknown and unseen bodies, affect 
our sun and planets^ the nodes of this plane will 
slowly recede on the plane of that immense orbit 
which the sim may describe about some most dis- 
tant centre, in a period which it transcends the 
powers of man to determine. There is every rea- 
son to believe that this is the case ; for it is more 
than probable that, remote as the fixed stars are, 
they in some degree influence our system, and 
that even the invariability of this plane is relative, 
only appearing fixed to creatures incapable of esti- 
mating its minute and slow changes during the 
small extent of time and 8X>ace granted to the 
human race. ' The development of such changes,' 
as M. Poinsot justly observes, 'is similar to an 
enormous curve, of which we see so small an arc 
that w^e imagine it to be a straight line.' If we 
raise our views to the whole extent of the universe, 
^nd consider the stars, together with the sun, to 
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be wandering bodies, revolving about the common 
centre of creation, we may then recognise in the 
equatorial plane passing through the centre of 
gravity of the universe, the only instance of abso- 
lute and eternal repose. 

All the periodic and secular inequalities deduced 
from the law of gravitation are so perfectly con- 
firmed by observation, that analysis has become one 
of the most certain means of discovering the plane- 
tary irregularities, either when they are too small, 
or too long in their periods, to be detected by other 
methods. Jupiter and Saturn, however, exhibit 
inequalities which for along time seemed discordant 
with that law. All observations, from those of the 
Chinese and Arabs down to the present day, prove 
that for ages the mean motions of Jupiter and 
Saturn have been affected by a great inequality of 
a very long period, forming an apparent anoma^ 
in the theory of the planets. It was long kno 
by observation that five times the mean motio 
Satiuii is nearly equal to twice that of Jupit 
relation which the sagacity of La Place pe 
to be the cause of a periodic irregularity 
mean motion of each of these planets, whic 
pletes its period in nearly 929 years, the o? 
retarded while the other is accelerated ; 
the magnitude and period of these quant' 
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in ccnuequence of the secukr vamdoiis in the de- 
Bwnts of the orhits. These inequalities are stricdj 
periodical, since they depend upon the configon- 
fion of the two planets; and the theory is perfectly 
ocmfinned hy ohservation, which shows that, in the 
coarse of twenty centuries, JuptePs mean motion 
has heen accelerated by about 3^ 23', and Saturn's 
retarded by 5** 13'. 

It might be imagined that the reciprocal action 
of such planets as have satellites would be 
difierent from the influence of those that have 
none ; but the distances of the satellites from their 
primaries are incomparably less than the distances 
of the planets from the sun, and from one another ; 
80 that the system of a planet and its satellites 
moves nearly as if all these bodies were united in 
their common centre of gravity : the action of the 
sun, however, in some d^ree disturbs the motion 
of the satellites about their primary. 

SECTION V. 

The changes which take place in the planetary 
system are exhibited on a smaller scale by Jupiter 
and his satellites : and, as the period requisite for 
the development of the inequalities of these little 
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moons only extends to a flew ccntiuries, it may be 
regarded as an e|»tome of that gp'aod cycle which 
will not he accomplldied by the planets in myriads 
of ages. The revolutions of the satellites about 
Jupiter are precisely similar to those of the planets 
about the sun : it is true they are disturbed by the 
sun, but his distance is so great, that their motions 
are nearly the same as if they were not under his 
influence. The satellites, like the planets, were 
probably projected in elUptical orbits, but the com- 
pression of Jupiter's spheroid is very great in con- 
sequence of his rapid, rotation ; and as the masses 
of the satellites are nearly 100000 times less than 
that of Jupiter, the immense quantity of prominent 
matter at his equator must soon have given the 
circular form observed in the orbits of the first and 
second satellites, which its superior attraction will 
always maintain. The third and fourth satellites 
being farther removed from its influence, move in 
orbits with a very small eccentricity. The same 
cause occasions the orbits of the satellites to remain 
nearly in the plane df Jupiter's equator, on accoimt 
of which they are always seen nearly in the same 
line ; and the powerful action of that quantity of 
prominent matter is the reason why the motions of 
the nodes of these small bodies is so much more 
rapid than those of the planet. The nodes of the 



fbfxrtii satellite aocomplii^ « tropical revolution in* 
531 years, while those of Jupiter's orbit require no 
less than 36261 years, — a iptoeit of the reciprocal 
attraction between each particle of Jupiter's equa- 
tor and of the satellites. Although the two first 
satellites sensibly move in circles, they acquire a 
small ellipticity from the disturbances they ex- 
perience. 

The orbits of the satellites do not retain a per- 
manent inclination either to the plane of Jupiter's 
equator or to that of his orbit, but to certain planes 
passing between the two, and through their inter- 
section; these have a greater inclination to his 
equator the farther the satellite is removed, owing 
to the influence of Jupiter's compression, and they 
have a slow motion corresponding to secular varia- 
tions in the planes of Jupiter's orbit and equator. 

The satellites are not only subject to periodic and 
secular inequalities from their mutual attraction, 
similar to those wliich afiect the motions and orbits 
of the planets, but also to others peculiar to them- 
selves. Of the periodic inequalities arising from 
their mutual attraction the most remarkable take 
place in the angular motions of the three nearest 
to Jupiter, the second of which receives from the 
first a perturbation similar to that which it pro- 
duces in the third; and it experiences from the 
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third a perturbation similar to that which it com^ 

municates to the first. In the eclipses these twc^ 
inequalities are combined into one, whose perioc^ 
is 437*659*'^'* The variations peculiar to the 
satellites arise from the secular inequalities occa- 
sioned by the action of the planets in the form and 
position of Jupiter's orbit, and from the displace- 
ment of his equator. It is obvious that whatever 
alters the relative positions of the sun, Jupiter, and 
his satellites, must occasion a change in the direc- 
tions and intensities of the forces, which will 
affect the motions and orbits of the satellites. For 
this reason the secular variations in the eccentricity 
of Jupiter's orbit, occasion secular inequalities in 
the mean motions of the satellites, and in the mo- 
tions of the nodes and apsides of their orbits. The 
displacement of the orbit of Jupiter, and the varia- 
tion in the position of his equator, also affect these 
small bodies. The plane of Jupiter's equator is 
inclined to the plane of his orbit, so that the action 
of the smi and of the satellites themselves produces 
a nutation and precession in his equator, precisely 
similar to that which takes place in the rotation of 
the earth, from the action of the sun and moon, 
whence the protuberant matter at Jupiter's equator 
is continually changing its position with regard to 
the satellites, and produces corresponding muta- 
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tions iu their motions ; and, as the cause must be 
proportional to the effect, these inequalities afford 
the means, not only of ascertaining the compression 
of Jupiter's spheroid, but they prove that his mass 
is not homogeneous. Although the a])parent dia- 
meters of the satellites are too small to be mea- 
sured, yet their perturbations give the values of 
their masses with considerable accuracy, — a striking 
proof of the power of analysis. 

A singular law obtains among the mean motions 
and mean longitudes of the three first satellites. 
It appears from observation that the mean motion 
of the first satellite, plus twice that of the third, is 
equal to three times that of the second; and that 
the mean longitude of the first satellite, minus three 
times that of the second, plus twice that of the 
third, is always equal to two right angles. It is 
proved by theory, that if these relations had only 
been approximate when the satellites were first 
launched into space, their mutual attractions would 
have established and maintained them, notwith- 
standing the secular inequalities to which they are 
liable. They extend to the synodic motions of the 
satellites, consequently they affect their eclipses, 
and have a very great influence on their whole 
theory. The satellites move so nearly in the plane 
of Jupiter's equator, which has a very small incli- 
nation to his orbit, that they are frequently eclipsed 
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by the shadow of the planet. The edipses take 
jdace close to the due of Jupiter when he is near 
-opposition ; but at times the shadow is so projected 
with regard to the earth, that the third and fourth 
-ttUellites vanish and reappear on the same side of 
the disc. These eelipses are in all respects similar 
to those of the moon ; but, occasionally, tiie sa- 
tsMites eclipse Jupiter, passing like bhick spots 
across his surface, and resemble annular eclipses of 
Ihe sun. The instant of the beginning or end of 
an eclipse of a satdlite marks the same instant of 
absolute time to all the inhabitants of the earth ; 
therefore, the time of these eclipses observed by a 
traveller, when compared with the time of the 
eclipse computed for Greenwich, or any other fixed 
meridian, gives the difference of the meridians in 
time, and consequently the longitude of the place 
of observation. It has required all the refinements 
of modern instruments to render the eclipses of 
these remote moons available to the mariner ; now, 
however, that system of bodies invisible to the 
naked eye, known to man by the aid of science 
alone, enables him to traverse the ocean, spreading 
the light of knowledge and the blessings of civi- 
lization over the most remote regions, and to re- 
turn loaded with the productions of another hemi- 
aphere. Nor is this all : the eclipses of Jupiter's 
Mtellites have been the means of a discovery which> 
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though not so immediately applicable to the wants 
vf man, unfolds one of the properties of light,— ^thit 
mediinn -without whose cheering influence all the 
beauties of the creation would have been to us a 
blank. It is observed, that those edipses of the 
first satellite, which happen when Jupiter is near 
conjunction, are later by 16°" 26* than those which 
take place when the planet is in opposition. But, 
as Jupiter is nearer to us when in opposition by 
the whole breadth of the earth's orbit than when 
in conjunction, this circumstance was attributed to 
the time employed by the rays of light in crossing 
the earth's orbit, a distance of about 190 milUons 
of miles ; whence it is estimated that light traveb 
at the rate of 190000 miles in one second. Such 
is its velocity, that the earth, moving at the rate 
of 19 miles in a second, would take two months 
to pass through a distance which a ray of light 
would dart over in eight minutes. The subsequent 
discovery of the aberration of light confirmed this 
astonishing result. ^ 

Objects appear to be situate in the direction of 
the rays which proceed from them. Were light 
propagated instantaneously, every object, whether 
at rest or in motion, would appear in the direction 
of these rays ; but as light takes some time to tra- 
vel, we see Jupiter in conjunction, by means of 
laya that left him 16"^ 26* before ; but, daring th&t 
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time, we have changed our position, in consequence 
of the motion of the earth in its orbit ; consequently 
we refer Jupiter to a place in which he is not. 
His true position is in the diagonal of the parallelo- 
gram, whose sides are in the ratio of the velocity 
of light to the velocity of the earth in its orbit, 
which is as 190000 to 19. In consequence of the 
aberration of light, the heavenly bodies seem to be 
in places in which they are not. In fact, if the 
earth were at rest, rays from a star would pass 
along the axis of a telescope directed to it : but if 
the earth were to begin to move in its orbit, with 
its usual velocity, these rays would strike against 
the side of the tube ; it would, therefore, be neces- 
sary to incline the telescope a little, in order to see 
the star. The angle contained bet^veen the axis 
of the telescope and a line drawn to the true place 
of the star, is its aberration, which varies in 
quantity and direction in different parts of the 
earth's orbit; but as it is only 20"-37, or 20"-5, 
it is insensible in ordinary cases. * 

The velocity of light deduced from the observed 
aberration of the fixed stars, perfectly corresponds 
with that given by the eclipses of the first satellite. 
The same result, obtained from sources so different, 
leaves not a doubt of its truth. Many such beauti- 
ful coincidences, derived from circumstances appa- 
rently the most unpromising and dissimilar, occur 
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in the rest of physical astronomy, and prove dependr 
enoes which we might otherwise be unable to trace. 
The idfiptity of the vdocity of light, at the distance 
of Jupiter, and on the earth's surface, shows that 
its TelGcity is uniform ; and if light consists in the 
vibrations of an elastic fluid or ether filling space, 
an hypothesis which accords best with observed phe- 
nomena, the uniformity of its velocity shows that 
the density of the fluid throughout the whole extent 
of the solar system must be proportional to its elas- 
ticity. Among the fortunate conjectures which have 
been confirmed by subsequent experience, that of 
Bacon is not the least remarkable. * It produces in 
me,' says the restorer of true philosophy, ^ a doubt 
whether the face of the serene and starry heavens 
be seen at the instant it really exists, or not till 
some time later ; and whether there be not, with 
respect to the heavenly bodies, a true time and an 
apparent time, no less than a true place and an 
apparent place, as astronomers say, on account of 
parallax. For it seems incredible that the species 
or rays of the celestial bodies can pass through the 
immense interval betr^een them and us in an in- 
stant, or that they do not even require some con- 
siderable portion of time.' 

As great discoveries generally lead to a variety 
of conclusions, the aberration of light aflbrds a 
direct proof of the motion of the earth in its orbit ; 

D 



wad its rotatioii k jmyved liy iifae -^leoiy liif ^&^ 
liodies, «ince the oentrifiigal fmroe it indncee re ta g fl g 
the oficillatioiis ctf the penduTinn in going Ihmi ^ 
pole to the equator. Thiu a high degree of «ci^i- 
tific knowledge has been requisite to dnapel Ihe 
errors of the senses. 

The little that is known of the theoiies of the 
Mtellites of Saturn and Uranus is, in all respecto, 
omilar to that of Jupiter. The great compresdmi 
<lf Saturn occasions its satellites to move neatly in 
the plane of its equator. Of the situation of the 
equator of Uranus we know nothing, nor of IttB 
compression ; but the orbits of his satellites «ae 
3iearly perpendicular to the plane of the ecliptic, 
and by analogy l^y ought to be in the plane 'of bis 
equator. 

SECTION VI. 

Our constant companion, the moon, next clains 
our attention. Several circumstances concur to 
Tender her motions the most interesting, and at ihe 
same time the most difficult to investigate of all %e 
bodies of our system. In the solar system planet 
troubles planet, but in the lunar theory the sun is 
the great disturbing cause ; his vast distance being 
compensated by his enormous magnitude, so that 
-^e mollis of 'the moon are more irregular than 
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lift CBcaBMbdn^ «f the kmijr arlnt iu coi^iuiMQticnitnd 
gHpOMliMij ^md magnmot it in <qiitfdraliu». Ute 
yeart'Of ^aiiwiwpirifly k lew thaa tfa«iljF<-tfiro4ft]nu. 
ViMB AQmcreMeMttd diiiuiMilMttalwa9«4lie«iii^ 
the evection would only dqiend -upon tihr dittMina 
tf ihe »QDn£ron:Ae wm; ^iitilts.«lNnUteiMj|ue 
dM iWBM "With iwr dirtMiee (fromilie perigee «f 
hor^rbiL AneksBtftatranBDien^whuo oln^ 

ifloldkyiiritliia^mir to^ pmUotioD^Qf ecUjIfeay 
aMigply happen in ccwBJunctiwiaaA ^ffjppom- 

/mlaeait the esesntrieity ii lUnmwhed 'by -the 
wdAm, BMigiw A-toe inaH a "valve t^theeOipticitf 
€ifkmmML Tfaevariatian, which is atittimaia-i 
-mam wtei the moon ib 45° diaint from thenm, 
TOBiiifaf -when that dislaiiceJViiDiinte to« xpimdna^ 
aad dae when the moon is in cooDjimctifKn ajftd q»«« 
poaitkm; consaqiiently» that iiie(|ua]it)r ne^^er eoidd 
have been diaoovered from the ectipaes : its period » 
half :abiBar month. Theaasualexiiialioi^aBiaeftfrnB 
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the moon's motion being accderated when4ii«i.<^ 
of the earth is retarded, and vice versd — for, wli^-^ 
the earth is in its perihelion, the luns^ orbit isr 
enlarged by the action of the sun; therefor^ 
the moon requires more time to perform her 
revolution. But, as the earth approaches its apbe*- 
lion, the moon's orbit contracts, and less time is 
necessary to accomplish her motion, — its period, 
consequently, depends upon the time of the year. 
In the eclipses the annual equation combines with 
the equation of the centre of the terrestrial orbit, 
so that ancient astronomers imagined the earth's 
orbit to have a greater excentricity than modem 
astronomers assign to it 

The planets distdrb the motion of the moon 
.both directly and indirectly; because their action 
On the ^^1^ alters its relative position with regard 
to the sun'iind moon, and occasions inequalities in 
the moon's motion, which are more considerable 
than those arising from their direct action : for the 
same reason the moon, by disturbing the earth, in- 
directly disturbs her own motion. Neither the 
excentricity of the lunar orbit, nor its mean incli- 
nation to the plane^of the ecliptic, have experienced 
any changes ftam secular inequalities ; for, al- 
though the mean action of the sun on the moon de- 
pends upoii the inclination of the lunar orbit to the 
ecliptic, and that the position of the ecliptic is sub- 
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ject to a secular inequality^ yetluadyns i^owb tiiat 
it'does not occasion a seoular variation in the indi- 
nation of the lunar orhit^ hecauae the actioA of the 
mm constantly brings the moon's orbit to the same 
inclitiation'on the ecliptic* The mean motion^ 
the nodes^ and the perigee, however, are subject to 
very remarkable variations. 
• From an eclipse observed by the Chaldeans at 
Babylon, on the 19th of Maanch, seven hxmdred 
and twenty-one years before the Christian era, the 
place of the moon is known from that of the son 
at the instant of opposition, whence her mean 
longitude may be found; but tlie comparison of 
this mean longitude with another mean longitude, 
computed back for the instant of the eclipse firom 
modem observations, shows that the moon per- 
forms her revolution round the earth more rapidly 
and in a shorter time now, than she did formerly;; 
and that the acceleration in her m^an motion has 
been increasing from age to age as th^ square of 
the time : all ancient and intermediate edipsea 
confirm this result. As the mean motions of the 
planets have no secular inequalities, this seemed 
to be an unaccountable anomaly. It was at one 
time attributed to the resistance of an etherial 
medium pervading space, and at another to the 
successive transmission of the gravitating force ; 
but as La Place proved that neither of these caoses, 
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iBotioii» of fte kmar pte^^ oraodes^ tfasy eouM 
«0t affitct tbe niiun; metiMr ; » Tariaiioii in tis 
aMan motiiDft fi»ra sooh causes bcnog i aa e pn i d iiy 
onmectedk tidtli Tariationa ixt the moticna' of tiaa 
peirigee and nodea. That grexl nMrtheanwIaciaBi^m 
studying the theory of Jupiter'B aatellitea»p c r c e i ? a i 
tlial tiie aectdar yasiation m the eiemestta of JTu- 
pker'a orbit,. from the actioa of the phtneta^ aoaa^ 
maaask corresponding changea in tiie metiooa «f tiui 
aateHites^ ^ich. led him to sospect that the attMf 
hrafeion in tiie noeaiLnMtion'af the moon migiit te 
comieeted withtJse seeula£yariatbniii.the>caa9e»^ 
tvicity of the tcrreatnal orbit ; and analysis haa 
proved that hxr asaigned the true eaase of the< 
knution. 

if the ea:ceiitricity of the easkh's orbit 
jirramble, the moont would be exposed to avariaUa 
disturbance front the aetion of the sun, in- conaa^ 
quenee of the earth's annual ieviolul;H»n f it ywM 
however be period, since it would be the saama 
aa often as the aim, the earth, and the moon Te^ 
tamed to the sune relative positiona : buA on 
account of the ^ow and ineeaaaint diminution in 
the excentricity of the terrea(»ial orbit, the revo- 
hsdon of our ^net is perfoxmed at difkveam 
distances from the sun every y«ar. The poaxttMi 
of: ti» moon with negard to Ifaa fun mubsgoea- a 



€0i<n8poiidiiig. chai^:; satiiat the meB» actioB 
o£ die Bim OS the moon varieB frcmatone; oeBtmf 
tor amrthtr^. aaod occanonar tbe seeuks increaae in 
tkfir iQtfMi's: velocity^^ called the Aceelaratkni^ a 
iwune: peenliarly appropriate in the present i^ 
anil "mkdtk will eontiBue tO' be so for a Taati Bam^ 
tar o£ agesia coBae ; becauae, afr £oDg aa the earth's 
esBBtBtricily. dimiBishea,. the moon'a mean motioA 
intt be acodleraited, but when, the exoentcieity hw 
peeaed it8> minimum^ and begms to increase,, the 
loeaiii motkni will, be retarded £*am age to age. 
Al present the aeeular accelexation is aboiU 
1x1/^*209;, but ita efibet on the moon's placse in^ 
eiaaaear a» the square of the time. It is remark^ 
ahlathafcthe action, of the planets thus reflected 
by the- bob to- the moon is much moie sensible 
thaa their direct action, either on the earth er 
laoon^ The secular dbninixtion in the excentidcityy 
n^iieh h|u3 not altered the equation . of liie centre 
of the snn by eight mimites sinoe the earheat 
recorded eeUpsea^ ha» produced a variation of 
about 1^48' in the moon's longitude, and of 1° 12' 
in hen mean anomaly. 

The aetion of the sun occasions a rapid but 
VMaable motion, in the nodes and perigee of the 
kmair oriiit. Thou^. the nodes secede dining the 
gnatei part of' the moon's revolutien,.a|nd advance 
dnrang tie smaUar,. they peilwm. Amt siileiaal 
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revohitkai in 6103 '31953 days ; and the 
accomplidies a lerolution' lA 3232 * 56131 dayn^ ^ 
a little more than nine yean, notwithstan^mg jtg 
motion is wmetimes retarogtaA^ and sometiiiMi 
direct; but soch is the difference between the 
disturbing energy of the sun and that of all the 
planets put together, that it requires no less than 
114155 years for the greater axis oC the terrestrial 
orbit to do the same. It is evident that the same 
secular variation which changes the sun's distanee 
iiom the earth, and occasions the acceleration in 
the moon's mean motion^ must afifect the nodes 
and perigee ; and it consequently sppears^ fifom 
theory as well as observation, that both these 
elements are subject to a secular inequality arising 
from the variation in the excentricity of the earth's 
orbit, which connects them with the Aceeleratioii, 
so that both are retarded when the mean mtHioii 
is anticipated. The secular yariations in these 
three elements are in the ratio of the numbers 3^ 
0*135, and 1 ; whence the three motioaas of the 
moon, with regard to the sun, to her perigee, ' and 
to her nodes, are continually accelerated, and their 
secular equations are as the numbers 1, 4, and 
0*265, or, according to the most recent investiga- 
tions, as 1, 4*6116, and 0:391. A comparison of 
ancient ecljpses observed by the Arabs, Gredss, 
and Chaldeans, imperfect as they are, with modern 



dbservationtiy perftelly confinns theie resulti of 
(uialjeif. Fatore ages will develop theie giest 
inequalities, wbich at some most distant period 
will amount to . many circionferaices. Thqr aie 
indeed periodic ; but who shaU tdl their pdnsii i 
Millions of years muiit elapie before that great 
cyde is aocomplished ; but ^ sueh changes, though 
tBxe in time, are frequent in eternity/ 

The moon is so near^ that the excess* of matter 
at the earth's equator occasions periodic yariatums 
ill her longitude^ and also that remarkable i^iequa^ 
lity in her latitude already mentioned as a iiuta^ 
tion in the lunar orbit, which diminishes its 
indination to the ediptio "v^ien the mood's ascend^ 
lag node coinddes with the equinox of spring, 
and augments it when that node coincides with 
the equinox d aiitumni As the cause mutt be 
proportional to the effect, a comparison of these 
inequalities, computed from theory, with the same 
given by observation^ shows that the compxessioii 
of the terrestrial spheroid, or the ratio of the difibr- 
ence between the polar and equatorial diametersj 
to the diameter of the equator, is -rr^s- It ia 
proved analytically that, if a fluid mass of homo- 
geneous matter, whose partides attract each other 
inversdy as the square of th^ distance, were to 
revolve about an axis as the earth does, it wiould 
assume the form of a spheroid whose ccnnpression 
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l».if rwiJMwitt. !fSbm Hm'mtmiik 

t[m£tam\ mt Jtiiy MeiiiiiM tlie finan^ Imt tfn 
fi^woal jliiawft ai .mat finct ; amiits <itf mm^ 

Similar ine^foriiliBi- iai the? ■inrtnma •£ JapilnAi 
■atrifiitc»pBBfPK ih^hii msim ii net liaDMgeacm% 
and tiuBt hki oiiiii|inMMii i» yJiy. Hk ciywlml 
iliMiMiiii tiwiiii liiiif<iardMa«ter1if^aibgalttMi 



HMnwiw. Bihugy cwfiwcirt' fRMnsftev coftjpinicfaMLlB 
aggmplate end8:<if Mght im ^p oi hio i ydof ■ caw 
bf^dir^vHOft dflgitfntitt'tlKinooa s mffom tsaam 
hpoi in Hit mcmiagheamm o£ tBr flBoiL Tfattt 
dni%0» Mgokte tlK letions of the ecUfSOT 
of the ffm^ctnoB^hiifpBxMiaicDi^iiDCti^ 
d^miQii^OQiiiiiighehrsitttbe eardi nd thewoi^ 
Hitnceplkihifli hi^t^ andtfaoMf ef the moMt an 
OEcsMBoi "hyrtiiB: euth intBTfeniig'hBtwwiitki 
n]iaiidiBie»B^^d[ieiijiii>OfpoHtio&; AstiK eaoA ai 
(^p«q«e a»dr aeaiigF af bsriial^ it thMiwii a^ eoniad 
idHuloir«D te odft of the moon ofipoaite t»tiv 
fan, the aaia of whidi fmaaea tinrouf^ the oeatrai 
of the flua and eaith. Ihekagth of tha dndnr 
tarariiwataa atttepotatwhcrotha appanadt 



of liie wmsb mA asdi moU ilir the 
Whstk tin wmm mmoipfmrntMOf and'atker] 
distanoe^die dnonetcref Ite waantmM ht mm 
tem^lKT eentr&oBdbr wl an^ of 19W'l ; ni 
IhaC oi tiie car^wndokifipar «ndnsi»aa|^«f 
MiB^'3; ar. that the kngCh oi tht iiwdovi»«t 
i MM tihie ai thaBi and a htM gBDater tluai ike fi» 
tiiioe of . tile moQiii fiaoii; ^le aaiti^ aadi tiie bneadlft 
af d» riutdonTy wtereitiKtssvenedfegitke. 
layabout cigiU-tkinkiu of the hmar diameta:; 
tfc»?WMn' woidd be tchpaei creKf opyoairiga^^ 
it not fi)T the incliauilMHa o£ her mrbit, to the 
e#the.ediftie^ in eomefsenaaof -adaciithe 
m oppoaitimi is eithtv abeve- or fadoar the wokb: af 
die easthNii duMkiWy except wfaea m at near har 
aodni^> hey pMtiMimthregaidito^MBi.ttecaBni 
aUtiiB'vvaeliieaiatiiehuiav^dipMBii fineiyponit 
ef the i&ocm'a auxfiare traeceBaiaely losea the 1%^ 
cf ' diflawait paitBF of Hae aan?o -disc heftve faciag 
eesiQaed. xxer bnanitiicaaj tfasveabR* ftfadaajnf'iB^ 
nuaiaheB bctee Hhepliiii§ea inta the eaidi's ahar 
daw. The hieadiii of the iqpace oaenpnL hjr 
the peBomhni. is e^iid to tiie appareait diak* 
nacter ti the ainiy aa tmesL feooL the cwtM 
ef the maoA. The nieaa; dnaAioft ef » ieni*> 
httion of the aiu, with i^ard to the Bodb of titt 
IvBsr orbit^ i& to the duration of a mpao4ac ievol» 
tiimaCtiie moon aa l£2a to. ISt;: ao thaft^ aitar s 
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period of 238 limar mon^^ the mm imd mooii 
would retmH to the ssme relative poeitioii to-^Ae 
node of the iiMxm'i orbit, and therefore the edxpflBt 
would reomr in the same otder,: were not the 
periods altered by inegularities in the motions rbi 
the sun and moon. In hmar eclipses, out Atittii- 
sphere lefraets the sub's rays which pass tfaroui^ 
it, and bends them all round into the cone of)the 
earth's shadow ; and as the horizontal tefncikm 
surpasses half the sum of the solsr and Imiar 
parallaxes, that is^ half the sum of the semktiii* 
meters of the sun and moon, divided by their 
mutual distance, the centre' of the lunar iUac^ 
supposed to be in the axis of the shadow^ would 
receive the rays £rom the same point of the sun, 
round all sides of the earth, so that it would be 
more illuminated than in full moon, if the greater 
portion of the light were not absorbed by the 
atmosphere. Instances are recorded where thb 
feeble light has been entirely absorbed, so that the 
moon has altogether disappeared in her eclipses^ 

The sun is eclipsed when the moon intercepts 
^ rays. The moon, though incomparably smdler 
than the sun, is so much nearer the earth, that 
her appa:rent diameter differs but little from his, 
but both are liable to such variations, that they 
alternately surpass one another. Were the eye of 
a spectator in the same straight line with the 
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centres of the sun and moon, be would see the ton 

eclipsed. If the apparent diameter of the moon 

surpassed that of the smi, the eclipse would be 

total ; if it were less, the observer would see a ring 

of light round the disc of the moon, and the edipae 

would be annular. If the centre of the moon 

should not be in the straight line joining the 

centres of the sun and the eye of the observer, the 

moon might only eclipse a part of the sun. The 

variation, therefore, in the distances of the sun and 

moon from the centre of the earth, and of the 

moon from her node at the instant of conjunction, 

occasions great varieties in the solar eclipses. 

Besides, the height of the moon above the horizon 

changes her apparent diameter, and may augment 

or diminish the apparent distances of the centres 

of the sun and moon, so that an eclipse of the sun 

may occur to the inhabitants of one country, and 

not to those of another. In this respect the solar 

eclipses differ from the lunar, which are the same 

for every part of the earth where the sun and 

moon are above the horizon. In solar eclipses, 

the light reflected by the atmosphere diminiihea 

the obscurity they produce ; even in total eclipses 

the higher part of the atmosphere is enlightened 

by a part of the sun's disc, and reflects its rays to 

the earth. The whole disc of the new morm is fn> 

quently visible from ataiospheric leflection* 
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yhae ^twiMfc the tcoaast fltniwii ctf ^irg^'MlAJU^ 



flf ^e«ii aqpanrfee itibe ofodltt fdf Hie ieontani|ianir 

liiejKietioin «f tke moon famenonr beooMic^af 
flBMirariBipoitteaQDi» the oaingatcir andfgeogra^^idr 
thtti tljboae «f amy atlifr iiiei»rafLl|r boiiy^ froW'dir 
fgBBM Ji m iwflii wpkiciL the ^Imiigitiide m deteroiiiii 
ijy tie ooeiiHstioiii of irtara end hmar «bst»nerie. 
The oactdtation^ef a etar hf the moen is a>]^eM[r- 
ooQeRea 4^ teqasitt. occurveaae : the moon seeas 
tB iMin war the Btar, whidi iifaBeBt iiirte«t»- 
neouslj imwhffB ^at mie side of ihor dine, juod 
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ater a Bhort tame «§ suddflniy leafip^aii on the 
cArar; and a Umar dislaiiea QB^fae obMrved db* 
teBce of the mocm fram tkemm, ^r^ma parti* 
color star m planet, at any HMUiit. Tbe Iubmt 
A09ry IB brouglH; to aueh pecfisction, t^ the tunes 
tif tkeee phencmiena, observed iiador any ^Beridiaiiy 
iduok compared with those compated §m Gfeenwioh 
m the Nautical Almanac, ^e the longitude ^ 
Ac ob80<ver within a few miles. The aecurocy of 
tiiat work ds obvionsly of extreme importance to a 
ma ri tim e nation : we have reason to hope tdiat the 
new Ephemeris, now in preparation, will be by ikr 
the most perfect work of the kind (bat ^ivr Jms 
been published. 

From tbe lunar theory, the mean distance ef 
(he aun from the earth, and the n ce the whole 
cfimensions of the aolar system, are known; fer 
the forces which retain the ernib and moon *ui 
their orbits are respectively proportional to the 
radii vectores of the earth and moon, each being 
divided by the square of its periodic time ; and as 
the lunar theory gives the ratio of llie forces, tihe 
ratio of the distances of tlie sun and ooMMm firom 
the easlii is obtained ; whence it appears tibust the 
swi's mean distance from the earth is nearly 395 
tines greater than that of the moon. The method, 
however, of finding the absolute ^stances of the 
ociestiid bodies in nules, is in hid the same wiA 



that empbyed in measaring the distances of tanesn 
trial objects. From the extrmdties of a kmnm 
base, the angles wl^ch the visual rays: from Hffi 
ol^ject ftnn with it are measuxed; their sum safe? 
tracted from two right ^angles gives the an|^ 
opposite the base ; therefore, by trigonometiy, . all 
the angites and sides of the triangle may be conk* 
puted — consequently the distance of the object js 
found* The angle under which the base of ^ 
triangle is seen from the object is the^paralku^ fdf 
that ol]gect; it evidently increases and decroafnn 
with the distance; therefore the base mnstlm 
very gi^eat indeed tp be visible at all from d^^ 
celestial bodies. The globe itself, whose dimeiiT 
sions are obtained by actual admeasurement, fur- 
nishes a standard of measures, with which wi^ 
compare the distances, masses, d^isities, and von 
lumes of the pun and planets, 

SECTION VII. 

The theoretical investigation of the figure of the 
earth and planets is so complicated, that neither 
the geometry of Newton nor the refined analyses 
of La Place have attained more than an approxi- 
mation : it is only within a few years that a com- 
plete and finite solution of that difficult problem 
has been accomplished by our distinguished cour 
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trymau Mr. Ivory. The investigation has been 
conducted by successive steps, beginning with a 
simple case, and then proceeding to the more 
difficult ; but in all, the forces which occasion the 
revolutions of the earth and planets are omitted, 
because, by acting equally upon all the particles, 
they do not disturb their mutual relations. A fluid 
mass of uniform density, whose particles mutually 
gravitate to each other, will assume the form of a 
sphere when at rest ; but if the sphere begins to 
revolve, every particle will describe a circle, having 
its centre in the axis of revolution ; the planes of 
all these circles will be parallel to one another, 
and perpendicular to the axis, and the particles 
will have a tendency to fly from that axis in con- 
sequence of the centrifugal force arising from the 
velocity of rotation. The force of gravity is every- 
where perpendicular to the surface, and tends to 
the interior of the fluid mass, whereas theTCentri- 
iugal force acts perpendicularly to the axis of rota- 
tion, and is directed to the exterior ; and as its 
intensity diminishes with the distance from the 
axis of rotation, it decreases from the equator to 
the poles, where it ceases. Now it is clear that 
these two forces are in direct opposition to each 
other in the equator alone, and that gravity is 
there diminished by the whole eflect of the centri- 
ftigal .force, whereas, in every other part of ihsi 
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fluids the oeMtrifiigal foior is seaoked into^ t«« 

pa»t8» one oC ivfaich^ being pesgoidieiikr In At 
sur&oey dimkiiihfi.tbfe liinroe ^f fftmtf; hi/tt.lim 
other^ being at & tangent to the smte^ mgniitta 
partielea towaida thaequatoB^ when thef aeommi* 
late till their mimben compensate the dbnmtiem 
of gravity^ which makes the mass \aigfi at Aft 
equator and become iattened at the polee^ U 
appea]», thea^ that the? influence of the rmtrifiigal 
force ia most poweiBfiil at the equatcff, net mI^ 
beoanse it ia actuaUy greater there than elsewheM^ 
but because its whole efifect is emptoyed uidkoii- 
nishing gravity, whereas, ia every other poiat of 
. the fluid maaa^ it is only a resolved part that ia m 
employed. For both these reasons it gradual^ 
decreases towards the polesi where it ceases. Oa 
the contrary,, gravity ia least at the equatev,. ba- 
cause the particles are Luther from the oentie of 
the- mass, and- increases towards the poles, whem 
it is greatest. It ifr evident^ theie^Dve, that, as the 
centrifugid fosce ia much less thaa the force of gnr* 
^^9 — gsevitation, which is the di£5aence betwees; 
the two, is least at the equator, aavi continuattyi 
increases towards the poles, whare it is a maxi»- 
mum. On these j^rinciples Sn* Isaac Newto» 
proved that a homogeneous fluid mass in rotatum 
assumes the form of an ellipsoid of revolution^ 
whose compression ia ^^i^. Such, however^ 



not het the fcHBi of. the earth, hecaute &e atralft 
increase in denaity towaoKls the centre. The lunar 
inequalities alao prove the earth to be so con* 
Btruettd ;. it was requisite, therefore, to consider 
the fluid mass to he of variable density. Including 
tluB ccniditifw, it has been found that the maas^ 
^en in rotation, would still assume the form of 
an dOdpsoid of rev<^ution ; that the pairticlea of 
equal density would arrange themselves in coBcen« 
tric elliptical strata, the most dense being in the 
oentre ; but that the compression would be less 
than in the case of the homogeneous fluid. The 
compression is stiU less when the mass is consi* 
dered to be, as it actually is, a solid nucleus, de- 
deasing reg^ularly in density from the centre to 
the sux&ce^ and partially covered by the oeean, 
becaase the solid parts, by their cohesion, nearly 
cfestroy that part of the centrifugal force which 
gives the pactddes a tendency to accumulate at the 
tqnatorv though not altogether; otherwise the sea, 
fay^ the superior mobility of its particles, would 
flow'towards the equator and leave the poles dry : 
besides, it is well known that the continents at 
the equator are more elevated than they are in 
higher latitudes. It is also necessary for the equi* 
librium of the ocean, that its density should be 
less than the mean density of the earth, otherwise 
tibB continents would be perpetually Uablfi to m>sax« 



dations from BtorniB and otW eauses. On lii^ 
Whole, it appears from tlieory that h hori«mta! 
iine paesing toiAkL the earth, through both polo^ 
must be nearly an ellipse, having its major axis vk 
the plane of the equator, and its minor axis wm* 
iciding with the axis of the earth's rotation. ^ Tiie 
intensity of the centrifngal force is measured by f)i6 
deflection of any point from the tangent in a second^ 
and is determined from the known velocity of'tte 
earth's rotation : the force of gravitation at any 
place is measured by the descent of a heavy body itt 
the first second of its fetll. At the equator the eok* 
trifugal force is equal to the 289th part of gravity^ 
and diminishes towards the poles as the cosine of 
the latitude, for the angle between the directkMis 
of these two forces, at any point of the surface, it 
equal to its latitude. But whatever the constitii^ 
tion of the earth and planets may be, analyib 
proves that, if the intensity of gravitation at tie 
equator be taken equal to unity, the sum of the 
compression of the ellipsoid and the whole m^ 
crease of gravitation, from the equator to the pole, 
is equal to five-halves of the ratio of the centaifugd 
force to gravitation at the equator. This quantity, 
with r^ard to the earth, is j- of 7^, or -rri'? I 
consequently the compression of the earth is equal 
to ttVt9 diminished by the whole indreaae of 
gravitation, so that its form will be known, if tl' 
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whole increase of gravitation, from the equator to 
the pole, can he determined hy experiment. But 
there is another method of ascertaining the figure 
of our planet. It is easy to show, in a spheroid 
whose strata are elliptical, that the increase in the 
length of the radii, the decrease of gravitation, 
and the increase in the lengths of the arcs of the 
meridian, corresponding to angles of one degree, 
from the pole to the equator, are proportional to 
the square of the cosine of the latitude. These 
quantities are so connected with the ellipticity of 
the spheroid, that the total increase in the length 
of the radii is equal to the compression, and the 
total diminution in the length of the arcs is equal 
to the compression multiplied hy three times the 
length of an arc of one degree at the equator. 
Hence, by measuring the meridian curvature of 
the earth, the compression, and consequently its 
figure, become known. This, indeed, is assuming 
the earth to be an ellipsoid of revolution, but the 
actual measurement of the globe will show how 
far it corresponds with that solid in figure and con- 
stitution. . 

The courses of the great rivers, which are in 
general navigable to a considerable extent, prove 
that the curvature of the land differs but little 
from that of the ocean; and as the heights of the 
mountains and continents are inconsiderable when 
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figure M«iito!«l«od^>%e 4i^lnuSmA^mwkKdt 
gravkMDi^ or ef I9ie i^koeMine^ ^and^H'Jii'liirii 

IMUMI ^Dft ^ wFltl WUfSHni tHB' OIHIintfllV. ^-WHV 

botib pol0B, 'd the pe^nte ^^f nMck IwM 
Aooo u ^toufNiim mmsb^. Wege tite iiiigliMi «tii(i 
dQPMnuMi ^ Qiiiei^c intBniUMM -ilh(iwi%' vV 
figure ''#f •t^ie tcMli wi^M ¥s dMoraifliedy ^WMW 
]aigdi«f«ne fltegrte njMrffiotfnt^to'gMiilieXgjM 
0f tke iMbl^^if il^b^ nMiMiiiod>4Ri diffiuotft ^MMi*' 
diaM,Md4ntt'faric!l]r^lM!itu^G(; €oiriffiieMMii 
Kreretinipliere, '«li degtees wenM lie fff (fihibmmli 
kngUi, Vift if A0t,ilie dac^liB <tf the Jigtmii'ilMf 
be <9reiiMit^li6itf 4A1C ciBp^tiiiV'isleullyiwA'idD'^if 
grefttcRt''eEn^olfy'in fyfopOftkiR as the tcui iii1ifiM5 ^w 
lens; t emnpttrison i^f ihe kim^ >ctf Ihie dtiffim 
m^dlflierenitiMBrts o^tbe etflrfh^searfiuieivrffi'liittiN^ 
fore determine its size and form. • ■'^'^''^ 

^An «re 'cf tbe meridian may be measured l)yy 
dbaerfing the latitude ixf its ^esinmae fonfts, «id: 
dwn measuriiig the distance bet«9een them in iMt 
or fathoms : the distance thns determined ^on lilt' 
mrSme of tiie eafth, ^^^vidnd by tlie degrees 'ttid 



pntB cf 41 ikffKBd'toaltwuBm in tiie'dilfefeiMe of iSkt 
latitadetyivatfivetbe exact \mg^ of mie degree 
die diflkwiO df the latitiides being die uig^ ceo- 
tiuMd telnwD d» verticals at Ae eatrem i tioi ef 
titttte. Tlw^vi0dAl)e eaiily aoeompliflliedivere 
dw.dislnoe<aMiMrtniejtoMl, aai on a levri with liie 
«a; h«tion^Mmiiitqf the imNDnemhle obataelai 
enliweaiiMB'of dieeaith, it it n e oegBa iy to eon- 
Mcst ^the cxtmne ponta of the arc by « veriea ef 
fiiefldeaeiidaiif^of whitth areeHher 
or uwprtui, fio that dieleagdi^ die 
aniii ■aatiiiaiiMwl ■ilhrnndLlrfwrioua compstalioB* 
lanHMfMBae ofliK nragolaiitiea ef the euitei^ 
eacktiMDi^ iaiB a ffiftemt pine; ikeymmft 
ilMiiiBalieiwiaant by oampatetioB to mktt duy 
weHULhrnnheuk^ kad they been wmiBand0BiiM» 
waaAtm of the sea; and as ikKt easdi may in tUb 
CM9flftCBacBBK8paeniHu,tBeyuqiiifefiicoifefiiMB 
to leAUvo Ibesi'te Bpfcerical triani^es* 

jAscaief dienieniMBi haie been moaoaiodaim 
variety ef latjtnden mrtih and aontb, aamellaa aonsa 
perpaadnakr to tifae menfian. From these mam* 
aiimaenia k appeara that the leegflwef the degrtea 
ijKBeaie fiponthe eqaator todv pidea, nearly in 
[uuportia n feo die aqnare of die ne of die ladtdte ; 
uaunqu endy ds convexity of the eardi diniaisbei 
fioBBi die equator to die poles* 

Weve die eardi an eUipioid of revoliition, die 
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mendiaiift would be ellipfies whoBe lesser 
would coincide with the axis of rotatioii, ind all 
the dc^ees measured betweeu the pole and the 
equator would give the same ctoipression wliHi 
combined two and two. That, however, ia te 
from being tb^ case. Scarcely any of the' mea^ 
surements giye exactly the same results, chiefly Jon 
accoimt of local attractions, which cause the phnnb* 
line to deviate from the vertical. The vidiiity a£ 
mountains has that efifect; but one of the moat 
remarkable, though not unprecedented, anomaliea 
takes |dace in the plains in the north of Italy, 
where the action of some dense subtenraneova 
matter causes the plumb-line to deviate seven' or 
eight times more than it did from the attractioii of 
Chimborazo during the experiments of Bougner,' 
while measuring a degree of the meridian at the 
^uator. In consequence of this local attraction, 
the d^ees of the meridian in that part of Italy 
seem to increase towards the equator through a small 
^ace, instead of decreasing, as if the earth was 
drawn out at the poles, instead of being flattened. 
Many other discrepancies occur, but from the 
mean of the five principal measurements of arcs 
in Peru, India, France, England, and Lapland, 
Mr. Ivory has deduced that the figure which moat 
nearly follows this law is an ellipsoid of revolution 
'whose equatorial radius is 3962*824 miles, and 
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the pdir radius 3949*585 miles; the difieiane, 
or 13*239 miles, dirided hj the cqastorial radhM| 
is Trhwv finm. arcs of the meridiaii, ^gj.i, - from 

the pendidnm, and the troe Compression is YT-fHxT* 
this fraction is called the compression of the earth, 

because, according as it is greater or less, the 
terrestrial eUipsoid is more or less flattened at the 
poles ; it does not differ much from that given hy 
the lunar inequalities. If we assume the earth to 
he a sphere, the length of a degree of the meridian 
is 69^ British miles; therefore 360 degrees, or 
the whole circumference of the glohe, is 24856 
miles, and the diameter, which is somethii^ less 
than a third of the circumference, is ahout 7912 or 
8000 miles nearly. Eratosthenes, who died 194. 
yean hefore the Christian era, was the first to give 
an approximate value of the earth's circumforence, 
hy the measurement of an arc hetween Alexandria 
and Syene. 

The other method of finding the figure of the 
earth is totally independent of either of the pre- 
ceding. If the earth were a homogeneous sphere 
without rotation, its attraction on bodies at its 
surface would be everywhere the same ; if it be 
elliptical and of variable density, the force of 
gravity, theoretically, ought to increase firom the 
equator to the pole, as unity pltts a constant 
quantity multiplied into the iquaxe oli \!s)k& %vQib 



of Aelifituric; ilmkSmt\^m^kmMmamUdklm£ 

as tiie squMerfOecbfrMtf ilteii^^ 

vni«hfli^ tad its k itoo^ lotMriQeelwiiaij%«C: 

fmaM - ^f ■■■^■*j ' iieiBey lay piiiiiilMtii^ iwUribiA^ 

<B^ght tp be » o id mafa d from jhetiqitor :t»i<il; 

At iidtafe; «ii iSbtw&f^ of tli»^«MM^ JM^ 
oBi^^jinGMne mtkKt nilHi. !iBn ?ur tdmcli^ 

dtt::Ml of bedks te ^Mnhntfsdyt^e iwilHiiiMit 
-wM. be ii&o» Tapifl^ and in oxder tfaatltay taij^ 
alwagra 'be peiforaai ia Ibe warn Iuhb, tiie :kmliv 
of i^ jmnMmmtmsM be altttiai. agriiiiiMiiMii 
aad*^^^TMqqaa^■Mfe^^ll^itagyro»^d<^ 
lum which oscillates 86400 times in a aeaa ^dlf • 
aitfie«qiiaiCBr«Qll dodieanae at'eyaef fabitLof 
tfce qaitfcf a laaiftug, if il»leiigtfi'beinarea8ed)m»'< 
gnamalf Aalfai "pokiy :aa the mpamt^^ the 8iaa^iaC> 
tlielaftitHie. . 

Fmdl the Mean nf ^laee it af|>enB that :te 
whok^dbcreaR of gnentatum fnim thefoleaioAt 
eqaaturia (H)014An^ which, subtcaated^wm-ri^v^ 
is^mva Mat :the «ampmaiioe'Of ihe tcvrestiial nfiM^ 
reid:ia ahoHt v^i^is^ which doea wit •diffieT mndi 



horn dmttgurea by ilelmiariiiQqpiali*M,.«ndimi 
tfae«rciintlie cfoactiaii of ^tke aeri^CDy mwd 
as tlMte -perpendicnittr Id ck. The nnr aamaif 
dmuK «f thae thm ivaliitt, dohioed lijiineAiHb 
» cninBly mdcpendait of iOtek odicE, dbmn tfuMt 
teiimtaiitaifaicieB«ftiie)oentant of .thesdntuil 
iNdiBtito one aaotiMac^ and dht 'dtnctifMi af Ite 
evtk £or bodiea at ita.aos&tfse, nsrit^Dom tisrsci- 
ppooal ^attimctian of all i&ar pntactei. An oA ar 
fvoaf may Ik addkd: the notetiMi df t^ eartk's 
ana, awl the pvecesiioB of tie cqjaiMtBea, ace 
o c aa i io— d hy ithe actionflf itbe aunand MooniBi 
the pDotuberant maUsr at l3ie easih^ ^joator; 
and although 4heae inequalities ib not jghre tibe 
afaaakite (talae of the temeitrial ccaapaennQii^ihejr 
dNvitfaat therfimctioii azpieasniig it ii ooooipariaed 
heiiwui the Ibnita ^f^ and -s^^ 

If QEDigfat he expected that tfiesaiae niMiyicaaian 
■hoaid naolt inan eadi, if the diflaent methoda of 
JaMriirma could be madeififlwnt cnnr. Xhia, 
Iwmevei, is not the <caBe; iass^ after allowanoe laa 
boBB amde for erery oaiiae of ermr, suoh diaeie* 
panaea aie &nmd, both m the degxeea ^ the 
maridian and in die length of the fosdvkm^ 
aa dbow that iiMt figuie of the eeorth ia Teryicnm- 
placated ; but they are «o amdU, when «onpand 
wMi the fjenecal reniha^ that thoy may be diaie- 
g a uhd . The eompreaani dodaoed fiom the 
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of tile whole appearatobe rfwit :, ^ ^ J^ t ^^^uif^bmd 
hy the luniir theory has the advantage of heaf^ 
independent of the irregulantiea of the eactibia 
smfjEu^e and of local attractions. . The regulaaty^ 
with which the observed variatiott in the lengtii oC 
the pendulum follows the law of the scptaie o£ifce 
sine of the latitude proves the strata to be- ^dh^plM 
eal and symmetiically disposed round the ceati^e^ 
gravity of the earth, which affords a strong pm^ 
sumption in favour of its orighial flmdity. . It i^ 
remarkable how littie infikience the sea has on tii» 
variation of the la:igths of the arcs of the mpriiHatt 
or on gravitation, neither does it mneh affbot thfr 
kmar inequalities, from its density fadng . oidfr; 
about a fifth of the mean density of the eartib. 
For, if the earth were to become fluid after bdag; 
stripped of the ocean^ it would assume the faxm flC 
an dHpsoid of revolution whose compression is 
9Thwi which differs yery little from that delac«4 
mined by observation, and proves, not only llajt 
the density of the ocean is inconsiderable, but tetT 
its mean depth is very small. There may be pn»»/ 
found oaTities in the bottom of the sea, but its mean; 
dq>th probably does not much exceed the mean, 
height of the continents and islands above its level. - 
On this account, immense tracts of land may be 
deserted or overwhelmed by the ocean, as appear 
really to have been the case, without any grea 
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change in the form of the terrestrial spheroid. The 
variation in the length of the pendulum was first 
remarked by Richter in 1612, while observmg 
transits of the fixed stars across the meridian at 
Cayenne, about five degrees north of the equator. 
He found that his clock lost at the rate of 2"* 28*' 
daily, which induced him to determine the length 
of a pendulum beating seconds in that latitude ; 
and repeating the experiments on his return to 
Europe, he found the seconds pendulum at Paris 
to be more than the twelfth of an inch longer than 
that at Cayenne. The form and size of the earth 
being determined, it furnishes a standard of mea- 
sure with which the dimensions of the solar system 
may be compared. 

SECTION VIII. 

The parallax of a celestial body is the angle 
under which the radius of the earth would be 
seen if viewed from the centre of that body ; it 
affords the means of ascertaining the distances of 
the sun, moon, and planets. Suppose, when the 
moon is in the horizon at the instant of rising or 
setting, lines to be drawn from her centre to the 
spectator and to the centre of the earth; these 
would form a right-angled triangle with the ter- 
restrial radius, which is of a known length ; and 
as the parallax or angle at the moon can be 
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measuMl^ all tJw angles and one aide am fpsot^ 
wfaance tk^diatanoe ef the moon from the eentvi 
of the eardi.' may be oomputed. The panlkx 9t 
an oibycet. mmy be found, if two obaerver» uadv 
the aame meridiaiiy boi at a yerj great diatanet 
tiam. one another, (^aeanre its zenith diatenoe la 
the aome: day aik the tune ol its passi^ oyer tbi 
nwridiam JBtj aach co pte mporaneQqfl obienmtaona 
1^^ (kpe of Good Hope and at Berlin^ the meaai 
hovnontal puniMaT ef the moon was found to be 
MfiV\ whence the mean distance of the moon ia 
abent saity times the mean terrestrial radin% at 
291360 mika neaiiy. Since the parallax, ia eqnri 
to the radius of the earth divided by the distanoe 
of the moon, it varies with the distance of tim 
moon from the earth under the same parallel of 
latitude, and proves the eUipticity of the lunar 
orbit; when the moon is at her mean distance, it 
varies with the terrestrial radii, thus showing ^mlf 
the earth i» not a sphere. 

Although the method described is suffidentff 
accurate for finding the parallax of an object as 
near as the moon, it will not answer for the son, 
which is so remote that the smallest error itt 
observadon would lead to a false result; but th«C 
difficulty is obviated by the transits of Venw. 
When that planet is in her nodes, or within l^-* 
of them, that is, ia, <x nearly in, the plane of the 



ediptic^ die: i& oocasiondiy seen to pwu wer the 
mm like a: black tpofc. If we could imagme fhi^ 
the ana and Venus kad no parsUlBEX, the line 
desoiilMd % l£e planet on kn disc and tte 
duivtioni of tke trnnsib would be the lame to aH 
tke inkabitanlto of tike eaiidi;; but as the semi- 
diameter of tke Qartk kas a sensible magnitude 
wh«a viewed from. the centre- of the sun, the line 
deacribed by the phaaet in its passage orer kis dise 
appears to be. nearer to hm centie^ or farther from 
ity aceoidBig^ to the position of the observer; s» 
tkat the duration oi the transit varies with the 
d^rent points of the eardi's surface »t which it is 
obs^ved. This difference of time, being entirdj 
tke effect of parallax, furmshes the mean» of^ cam^ 
piiting it from the known motions of the eardi 
and. Venus, % tke same method as for the eclipses* 
c^ the sun. In ^t^ tke ratio of the distances of 
Venus, and the sun from the earth at the time of 
the transit are known from the theory of their ellip«* 
tical motion, consequently the ratio of the paral* 
laxes of these two bodies, being inversely as their 
distances, is given; and as the transit gives the 
diyOference of the parallaxes, that of the sun ie 
obtained, in 1169, the pacallax of the sun wae 

* 

determined by observations of a transit of Venus- 
made at Wardhus in Lapland, and at Otaheite 
in the South Sea; tke latter observation was tke 
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object of Cook'fl fint voyage. The transit 
about six hours at Otaheite, and the di£knncedv 
duration at these two stations was eight miniit cgiy 
whence the sun's horizontal parallax was fomid^ 
be 8'^''72 : but by other considerations it has hmi^ 
reduced to S'^'S?*?; from which the mean Av' 
tance of the sun appears to be about 92246N#^ 
miles, or ninety-two millions. of miles neaal^ 
This is confirmed by an inequality in the motktt^ 
of the moon, which depends upon the parallax^ 
the sun, and which, when compared witii obaenra^ 
tion, gives 8^*6 for the sun's paraUax. • - • i 

The parallax of Venus is determined by h&t 
transits, that of Mars by direct observation, and if 
is found to be nearly double that of the sun whev 
the planet is in opposition. The distances eC 
these two planets firom the earth are therefine 
known in terrestrial radii; consequently ther 
mean distances from the sun maybe computed; 
and as the ratios of the distances of the planets 
from the sun are known by Kepler's law, thdr 
absolute distances in miles are easily found. 

Far as the earth seems to be from the sun, it is 
near to him when compared with Uranus; that 
planet is no less than 1843000000 of miles 
from the luminary that warms and enlivens the 
world; situate on the verge of the system, the sun 
must appear to it not much larger than Venus 
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does to us. The earth cannot even be visible a^ a 
telescopic object to a body so remote ; yrt nan, 
the inhabitant of the earth, soars beyond the ivi 
dimensions of the system to which lus plauei 
belongs, and assumes the diimeter of its oibii as 
the base of a triangle, whose apex extends lo iht- 

stars. 

Sublime as the idea is, this assumption proves 

ineffectual, for the apparent places of the fixed 
stars are not sensibly changed by the earth's an- 
nual revolution ; and with the aid derived from the 
refinements of modem astronomy, and of the most 
perfect of instruments, it is still a matter of doubt 
whether a sensible parallax has been detected even 
in the nearest of these remote suns. If a fixed 
star had the parallax of one second, its distance 
from the sun would be 20500000000000 of 
milee. At such a distance not only the tenestrial 
orbit shrinks to a point, but the whole solar 
system seen in the £dcus of the most powerftil 
telescope, might be covered by the thickness r»f h 
spider's thread. Light flying at the ratf-. <-,f 
200000 miles in a faeco!id, wmM take rlr.T*;* ; vit. 
and seven days Vj trereL o-'*t Vwtt »;Ar>:; %n** 
the nearest san ljij Vjws£.i?* ajt.* vytn / ni'\^- ' 
or extinruifciA^ ::ir.?* Aar.\ av.*^. v^r* >v". r. .. 
could id.»t Mt*-- tvf.r y" n\ ma;.;.- IS. 

But UJt LUBUWJt Viwr Vi: .liiSiil ^'MT., •. .V. -^ 
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with that of the most remote of the bodim whielr* 
are visible in the heavenSi The fixed stan aw 
undoubtedly luminous like the sun ; it istherefiiie* 
probable that they are not nearer to one anollHr 
than the sun is to the nearest of them. I& thr 
milky way and the other stany nebulaB, boibb 
of the stars that seem to us to be close to othen,. 
may be hr behind them in the boundless depth of 
space; nay, may be rationally supposed to \m 
fiitnate many thousand times farther off; lig^ 
would therefore require thousands of yean to come 
to the earth irom those myriads of suns, of winch 
our own is but ^ the dim and remote companion/' 

SECTION IX. 

The masses of such planets as have no sateUites' 
are known by. comparing the inequalities they 
produce in the motions of the earth and of each 
other, determined theoretically, with the same 
inequalities given by observation, for the distnTb^ 
ing cause must necessarily be proportional to the 
effect it produces. But as the quantities of matter 
in any two primary planets are directly as the 
cubes of the mean distances at which their satel- 
lites revolve, and inversely as the squares of their 
periodic times, the mass of the sun and of any 
planets which have satellites may be compared 
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with the maw of the earth;. In th» nuumer it ift. 
oompated that the mass of the aim is 354936 
tinea that of- the earth; whence the great pertnr* 
hatioiia of the moon, and the rapid motion of the', 
perigee and nodes of her orhit. Even Jupiter, thb 
laigeat of the planets, is 1050 times leas than the 
smi ; or, as was recently detennined hy the pertnr* 
hatioDs of Encke's comet, appears the 1053'924th 
part of the smi. Themass of the moonris deter-- 
mined from. several soorces, — ^from her action on 
the terrestrial equator, which occasions the mitar 
tion in the axis of rotation ; firom her herizontal 
paralkz ; -from an inequality she produces- in the 
i^n's longitude, and from her action on the tides* 
The three fmst quantities, computed from theory and 
compared with their observed values^ give her- 
mass respectively equal to the ^Vy 7*^9 and'^fiT 
part !of that of the earth, which do not difier much 
fr^m each -other. Dr. Brinkley, Bishop of Cloyne, 
has fbfundit to be -sV ^^ ^^ constant of lunar 
nutation ; but from the moon's action in raising the 
tidesj her mass appears to be about the seventy- 
fifth part of that oi the earth, a value that cannot 
di&r much from the truth. 

The apparent diameters of the sun, moon, and 
planets are determined by measurement; therefore 
their real diameters may be compared with that of 
the earth; fmr the real diameter oi «i ^u^t \% \]^ 
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the real diameter of the earth, or 7912 miles, as 
the apparent diameter of the planet to the appa- 
rent diameter of the earth as seen from the planet, 
that is, to twice the parallax of the planet 
The mean apparent diameter of the sun is 1922"'8, 
and with the solar parallax 8"-577, it will be 
found that the diameter of the sim is about 
886860 miles ; therefore if the centre of the son 
were to coincide with the centre of the earth, bis 
volume would not only include the orbit of tbe 
moon, but would extend nearly as hr again, for 
the moon's mean distance from the earth is about 
sixty times the earth's mean radius, or 237360 
miles : so that twice the distance of the moon ia 
474960 miles, which differs but little from the 
solar radius ; liis equatorial radius is probably not 
much less than the major axis of the lunar orbit. 
The diameter of the moon is only 2160 miles; 
and Jupiter's diameter of 91509 miles is very 
much less than that of the sun ; the diameter of 
Pallas docs not much exceed 79 miles, so that an 
inhabitant of that planet, in one of our steam-car- 
riages, might go round his world in a few hours. 

Before entering on the theory of rotation, it 
may not be thought foreign to the subject to give 
some idea of the methods of computing the places 
of the planets, and of forming astronomical tables. 
Astronomy is now divided into the three distinct 
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departments of theory, observation, and computa- 
tiou. Since the problem of the three bodies can 
only be solved by approximation, the analytical 
astronoiner determines the position of a planet in 
space by a series of corrections. Its place in its 
dicular orbit is first found, then the addition or 
subtraction of the equation of the centre to or 
from its mean place gives its position in the 
ellipse ; this again is corrected by the application 
of the principal periodic inequalities ; but as these 
are determined for some particular position of the. 
three bodies, they require to be corrected to suit 
other relative positions This process is continued 
till the corrections become less than the errors of 
observation, when it is obviously unnecessary to 
carry the approximation further. By a similar 
method, the true latitude and distance of the planet 
from the sun are obtained. 

All these quantities are given in terms of the time 
by general analytical formulae ; they will conse- 
quently give the exact place of the body in the 
heavens, for any time assumed at pleasure, pro- 
vided they can be reduced to numbers ; but before 
the calculator b^ins his task, the observer must 
furnish the necessary data. These are obviously 
the forms of the orbitsi, and their positions with 
regard to the plane of the ecliptic. It is therefore 
necegeary to determine by obseT\«it\QW fox ^ja^s.^^ 
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l^anet, the length of -tke mi^^aaBflf«f»itaJ«lii^ 
the excentricity, the meUnatioa «f tlie oii>it ItfAe 
plane of the eclipticy the longitudtt if^tB^pain- 
lion -and ascendiiig node at « giren* tuae, ' ther fori- 
odic thne of the planet, and its loagitsde at 
Btant, arbitrarily aBsiuned as an origin 
all its subsequent and antecedent longitudes 
timated. Each of these quantities is determinedfim 
' that position of the planet on which it haacHMBiiB- 
fluenee. For example, the sum of the greatett ad 
least distances of the planet froBi the son ifr'eqMl 
to the major axi& of the orbit, and their difiEbane 
is equal to the excentricity; the loi^tode «f lAe 
-planet, when at its least distance from; the mm, is 
the same with the longitude of the perihelion; ^ the 
greatest latitude of the planet is «qual to' the* imdi- 
nation of the orbit; and the longitude of the 
planet, when in the plane of the ecliptic in pauing 
towards the north, is the longitude of the ascend- 
ing node. But, notwithstanding the excellence of 
instruments and the accuracy of modem obeerrers, 
the unavoidable errors of observation can only- be 
compensated by finding the value of each element 
from the mean of perhaps a thousand, or even many 
thousands of observations : for as it is probable that 
the errors are not all in one direction, but that some 
are in excess and others in defect, they will compen- 
sate each other when combined. 



UxnmvtTy the fakes of the elements deln- 
.Tmned 8eiMaately'.cazi only be regnded as jip- 
rproxiBuite, becanse they are so coniiected tiuit 
the <»«*ww«^^«" ^of any one independently will 
:ind«oe enore in the others, £dt the exoentiicity 
depends ^pon the.hmgitude of the perihdiwi, the 
^flMan rmotion ' depends upon the major axis, the 
kR^tadeof the node upon the inclination of the 
xnrbit, 'and vice versd, consequently the place of a 
^plaaet 'Oompnted with the -approximate data, will 
differ £rom.its obserred place : then the difficulty ia 
(to jwcertain what elements are most in &ult, sinee 
the difference in question is the error of •all^. bat 
that is obviated by finding the errors of some 
thousands of observations, and combining them 
so as to correct the elements simultaneously, and 
to make the sum of the squares of the errors 
a-mininram with regard to each element. The 
method' of accomplishing this depends upon the 
Theory of Probabilities, a subject fiertile in most 
iraportant resdits in the various departments of 
vcienoe and of civil life, and quite indispensable in 
'the determination of astronomical data. A series 
^ of observations continued for some years will give 
approximate values of the secular sad periodic 
inequalities, which must be correeted from time to 
time till theory and observation aa^tee; and when 
all these quantities are determined in numbevs, 
'the longitude, latitude, and distances of the. planet 
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from the eun are computed for stated intervals, 
and formed into tables, arranged according to the 
time estimated from a given epoch, so that the 
place of the body may be determined from them 
by inspection alone, at any instant, for perhaps a 
thousand years before and after that epoch. By 
this JtediouB process, tables have been computed 
for eleven planets, besides the moon and the satel- 
lites of Jupiter. Those of the four new planets axe 
astonishingly perfect, considering that these bodies 
have not been discovered more than thirty years, 
and a much longer time is requisite to devekp 
their inequalities. 

SECTION X. 

The oblate form of several of the planets indiir>fttieg 
rotatory motion ; this has been confirmed, in most 
cases, by tracing spots on their surface, by which 
their poles and times of rotation have been deter- 
mined. The rotation of Mercury is \mknown, on ac- 
count of his proximity to the sun ; and that of the 
new planets has not yet been ascertained. The sun 
revolves in twenty-five days and ten hours about 
an axis which is directed towards a point half-way 
between the pole-star and Lyra, the plane of rota- 
tion being inclined by T 20', or a little more than 
seven degrees, to the plane of the ecliptic. From 
the rotation of the sun, there is every reason tr 
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lielieve that he has a progressiye motion in space, 
although the direction to which he tends is un- 
known : hut in consequence of the reaction of the 
planets, he desciihes a small irregular orhit about 
the centre of inertia of the syston, neyer deviating 
from his position by more than twice his own 
diameter, or a little more than seven times the 
distance of the moon from the earth. The sun and 
all his attendants rotate from west to east, on axes 
that remain nearly parallel to themselves in every 
point of their orbit, and with angular velocities 
that are sensibly uniform. Although the unifor- 
mity in the direction of their rotation is a circum- 
stance hitherto unaccounted for in the economy of 
nature, yet from the design and adaptation of 
every other part to the perfection of the whole, a 
coincidence so remarkable cannot be accidental; 
and as the revolutions of the planets and sa- 
tellites are also from west to east, it is evident 
that both must have arisen fron the primitive cause 
which has determined the planetary motions. 
Indeed, La Place has computed the probability to 
be as four millions to one, that all the motions of 
the planets, both of rotation and revolution, were 
at once imparted by an original common cause, but 
of which we know neither the nature nor the epoch* 
The larger planets rotate in shorter periods 
than the smaller planets «sid XJwt ^»x>iXv^^<Ba. ^^\sbw- 
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iprenion is : ooneqneiitly '.'greftter, aaiid 
of tlie iMm and of tiieir ^aateilites 
r nutation in rthiir szai, and a p rec ewi on of 
eqninoKes ■ fdmiiar to 'tkat which atoms in »lie 
tenentiial -^heraid, £rom the. attnction oft die jfllDL 
and moon on- the prominent matter attthe^equMfear. 
It ia -an evident conaequence of Kepler^a law al^ 
the aqnares of tiie periodic times of the planMs 
heing aa the cubes of the major axes of thor 
oiiiits, that die heaveikly bodies move slower ide 
fiirtfaer theyixre from - the smi. : In comparingi the 
periods of the revolutions- tif. Jupiter and Saturn 
with die times of their rotation, it appears thate 
year of Jupiter -contains nearly ten thousand ofriaB 
days, and that of Saturn about thirty theuBHKl 
Satumian days. 

Theappearance of Saturn is unparalleled in Ae 
system of the world; he is a -spheroid about 900 
times larger than the earth, surrounded by. a rvRg 
even brighter than himself, which always remaiDB 
suspended in the plane of his • equator, and Tiewied 
with a yery good tdescope, it is found to consist of 
two concentric rings, divided by a dark band. The 
mean distance of Ihe interior part of this douUe 
ring firom the surface of the planet is about 22240 
miles, it is no less than 33360. miles broad, • but, 
by estimation, its thickness does not much exceed 
214 miles, so that it. appears like a plane. JB|y 
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titehmB oi mrdm»BB»yit iBiknpMwMg that this 

.body, can letam: itsipositkn iiy^ tiie /ftdhoucQ -of <it8 

.pnlides alone ; it must neofiBwirfly . rBTolve^^wthaa 

vvdocity tiiat will gawiate -a centrifbgal fane 

:flafficient to balance the attntction of Satum. 

Obfervation coa&nns the truth of these princifJep, 

ahovring that the rings rotate about the planet id 

ten hours and a half, which is 43(Huuiderably IflBS 

than the time a satellite would take to leiH^TC 

about Saturn at the -same distance. Their plaae 

is inclined to the ecliptic, at 'an angie of 28° 39^ 

.45''.; and, in consequence of this obliquity of pon- 

:tion, they always appear tUipticalto \is, but with 

an exccntricity «o variable has even to be ocoa- 

aionally like a straight line dxawn across the; planet. 

In the banning of October, 1832, the plane of 

• the lings passed through the centre of the earth ; 

.HI that position they are only visible with veiy 

supenor instruments, and. appear like a fine line 

jieross the disc of Saturn. About the middle. of 

December, in the same year, the rings beeame 

invisible, with ordinary instruments, - on jMUSOimt 

of their plane passing through the sun. In the 

end of April, 1833, the rings vanished . a second 

tine, and' reappeared in June of that year. 

It is a singular restdt of theory, that the rings 
eoitld not maintain their stability of rotation 
if they were every wbece ^i xscm&ston. \kAK!«aEiis»5^\ 
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for the BmaUest disturbance would destr^if cj. 
equilibrium, which would become more anc/ ii%q^ 
deranged till, at last, they would be piecipitii.ta/ 
on the surface of the planet. The rings of Satuni 
must therefore be irregular solids of unequal 
breadth in different parts of the circumference, 
so that their centres of gravity do not coincide 
with the centres of their figures. Professor Stnive 
has also discovered that the centre of the ring is 
not concentric with the centre of Saturn; the 
interval between the outer edge of the globe of 
the planet, and the outer edge of the ring on one 
side, is 11"*073, and, on the other side, the 
interval is ll''*288, consequently there is an 
excentricity of the globe in the ring of (y^'215. 
If the rmgs obeyed different forces, they would not 
remain in the same plane, but the powerful attrac- 
tion of Saturn always maintains them and his 
satellites in the plane of his equator. The rings, 
by their mutual action, and that of the sun and 
satellites, must oscillate about the centre of 
Saturn, and produce phenomena of light and 
shadow whose periods extend to many years. 

The periods of rotation of the moon and the 
other satellites are equal to the times of their 
revolutions, consequently these bodies always turn 
the same face to their primaries : however, as the 
mean motion of the moon is subject to a secular 
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inequality, wbicli will ultimately amount to many 
circimifeiences, if the rotation of the moon 
were perfectly uniform, and not affected hy the 
same inequalities, it would cease exactly to coun-, 
terbalance the motion of revolution; and the 
moon, in the course of i^es, would successively 
and gradually discover every point of her surface 
to the earth. But theory proves that this never 
can happen; for the rotation of the moon, 
Aough it does not partake of the periodic inequa- 
lities of her revolution, is affected hy the same 
secular variations, so that her motions of rotation 
and revolution round the earth will always halance 
each other, and remain equal. This circumstance 
arises from the form of the lunar spheroid, which 
has three principal axes of different lengths at 
right angles to each other. 

The moon is flattened at her poles from her cen- 
trifugal force, therefore her polar axis is the least ; 
the other two are in the plane of her equator, but 
that directed towards the earth is the greatest. 
The attraction of the earth, as if it had drawn out 
that part of the moon's equator, constantly brings 
the greatest axis, and consequently the same hemi- 
sphere, towards us, which makes her rotation parti- 
cipate in the secular variations in her mean motion 
of revolution. Even if the angular velocities of ro- 
tation and revolution had uol Xsfc^xv Tvvi^Xwiiacaj:.^ 
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is th^begimnagof tlieiiiooD'fi modoD,tbe attractmn: 
o£^thb earHi ^wuld hsre recaUed the greatest axi&< 
tfr the direction of the line joining tbe centres of the - 
moon and . eafth ; so that it woiM ha;ve vihrated ■ 
on each side ol that: line in the same manner as* 
aiLpemhilnin oscillates on each side of : the vertical - 
from the influence of grayitation. No such lihm* 
tioB is percepdble ; and as the smallest disturb- 
ance would make it evident, it is clear that if 
the moon has ever been touched by a oomet, the 
mass-of the letter nnist have been extremely small ; . 
for if it had been only the hundred thousandth part - 
of that 'of the earth, it would have rendered the 
libration sensible. Acc<»pding to analysis, a similar 
libration exists in the motions- of Jupiter's satel- 
liteS) which still remains insensible to observation. 
It is true the moon is liable to librations de<- 
pending upon the position of the spectator; at 
her rising, part of the western edge of her disc is' 
visible, which is invisible at her setting, and the 
contrary takes place with regard to her eastern 
edge. There are also librations arising fwm the 
relative positions of the earth and moon in their 
respective orbits, but as they are only optical ap- 
pearances, one hemisphere will be eternally con- 
cealed from the earth. For the same reason, the 
earth, which must be so splendid an object to one 
Ittnar hemispherey will be for everveiled from the 
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6iibKL Oiiracocmiit of- these cncciiiiBteiioeB^ ih^ 
rennCer hemisphne of Uie moon has ite- day a^ 
ftrtnigliit longj and a^niglit of: the same chyratioii^ 
not enaBL ealigfateiied by a mooiiy ^vfaile Uie fairoaied* 
Mt is illiiiiimated by the reAectioQ of the- earth 
during its long night. A jdanet exfaSnting a 'snrte 
&ce thirteen times larger than that of the moon, 
with all the varieties of clouds, land, and water 
coming successively into view, would be a splendid 
object to a lunar traveller in a journey to his anti- 
podes. TTie great height of the lunar mountains 
pfrobdbly has a considerable infiuenoe on - the phe- 
nommaof her -motion, the move so as her com- 
pression is^ small, and her mam consiieraUe. In 
the curve passing through the pt^es^ and that 
diameter of the moon which aJwa3rS' points 'to thfr 
earth, nature has furnished a permanent meridian, 
to wMch the different spots on her suifiioe have 
been refer r ed^ and their positions- d^teranned with' 
as mudt accuracy as those of many of the moat 
remarkable places on the sur£use of our globe. 

Hie distance and minuteness of JUpiter ■ s satel- 
lites Tend^ it extremely difficult to aseertain their 
rotation. It was, however, accomplished by Sir 
William Herschel from their relative brightness; 
He observed that they alternately exceed each 
other in brilliancy, and, by comparing the maxima 
and minima of their iUmnii»Lti«a m\)DL ^^«» \k^^ 
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tions lelatiYely to the sun and to their primaiy, he, 
found that, like the moon, the time of their rota- 
tion is equal to the period of their revolution about 
Jupiter. Miraldi was led to the same condusum 
with r^;ard to the fourth satellite, from the motion. 
of a spot on its surface.. 

SECTION XI. 

The rotation of the earth, which determines the 
length of the day, may be regarded as one of the 
most important elements in the system of. the 
world. It serves as a measure of time, and forms 
the standard of comparison for the revolutions of 
the celestial bodies, which, by their proportional 
increase or decrease, would soon disclose any 
changes it might sustain. Theory and observa- 
tion concur in proving that, among the innu- 
merable vicissitudes which prevail throughout cre- 
ation, the period of the earth's diurnal rotation is 
immutable. A fluid, falling from a higher to a 
lower level, carries with it the velocity due to its 
revolution with the earth at a greater distance 
from the centre; it will therefore accelerate, 
although to an almost infinitesimal extent, the 
earth's daily rotation. The sum of all these in- 
crements of velocity, aiising from the descent of 
all the rivers on the earth's surface, would in time 
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become perceptible^ did not nature, by the process 
of evaporation, raise the waters back to their 
sources ; and thus, by again removing matter to 
a greater distance . from the centre, destroy the 
velocity generated by its previous approach; so 
that the descent of rivers does not aflfect the 
earth's rotation. Enormous masses projected by 
volcanos from the equator to the poles, and the 
contrary, would indeed affect it, but there is no 
evidence of such convulsions. The disturbing 
action of the moon and planets, which has so 
l)owerful an effect on the revolution of the earth, 
in no way influences its rotation; the constant 
friction of the trade-winds on the mountains and 
continents between the tropics does not impede its 
velocity, v/hich theory even proves to be the same 
as if the sea, together with the earth, formed one 
t^olid mass. But although these circumstances be 
inefficient, a variation in the mean temperature 
would certainly occasion a corresponding change 
in the velocity of rotation ; for, in the science of 
dynamics, it is a principle in a system of bodies, 
or of particles revolving about a fixed centre, that 
the momentum, or sum of the products of the ■ 
mass of each, into its angular velocity and distance 
from the centre, is a constant quantity, if the 
system be not deranged by a foreign cause. Now, 
since the number of particles in lYve s^«X«ai Vk ^Owt 
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aame, whatever its tempenture nif ^i^ 
their distances from the cende am 
their angular irekieity must be Jncitasad, vk- 
that the pcececting quantity may stiU 
stent. It follows then, diat, as tha 
momentam ci rotation with which the 
projected into space must nccessaiily 
same, the smallest decrease in heat, by oont 
the terrestrial spheroid, would accekente ita 
tion, and cansequently diminish the length- 
day. Notwithstanding the constant mxamm^ 
heat from the sun's rays, geologists hare ban 
induced to believe, from the fossil remauM, Ihsft 
the mean temperature of the globe is decreaaiBg; 

The high temperature of mines, hot 
and, above all, the internal fires whidi have 
duced and do still occasion such devastatioiKm 
our planet, indicate an augmentation of 
towards its centre; the increase cS density, 
Bponding to the depth and the form of the sfdienid, 
being what theory assigns to a fluid mass in rota* 
tion, concur to induce the idea that the ten^wn- 
ture of the earth was originally so high aa to 
reduce all the substances of which it is composed 
to a state of fusion, or of vapour, and that, in the 
course of ages, it has cooled down to its present 
state ; that it is still becoming colder, and that it 
will continue to do so till the whole mass arrivea at 
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tibe tempeEsture of tlie medium in which it it 
plaoedy or rather at a state of equilifarhim between 
ihii temperature, the cooling power of ita own rap 
diation, and the heating effect of the sun'a raya. 

IVeviouB to the formation of ice at the pe^, 
the andeut lands of our northern latitudes, long 
aiiioe obliterated, might, no doubt, ha?e been 
CiqpaUe of producing those tropical plants whose 
debris, swqpt into the deep at these remote periods, 
aie pieserved in the coal measures which must 
liave been finrmed in the abysses of the ocean prior 
to the devatioB of the modem continents and 
iaUnds above its surface. But, even if the de* 
doasing temperature of the earth be sufficient to 
produce the observed effects, it must be extremely 
slow in its operation; for, in consequence of the 
rotation of the earth being a measure of the periods 
of the odestial motions, it has been proved that, 
if the length of the day had decreased by the three- 
tbonsaiidth port of a second since the observatioiaa 
of Hipparchus, two thousand years ago, it would 
have diminished the secular equation of the moon 
hf 4" '4« It is therefore beyond a doubt that the 
i temperature of the earth cannot have sensibly 
during that time ; if, then, the appearances 
CEihibited by the strata are really owing to a de* 
crease of internal temperature, it either shows the 
jiftTpAnaP periods requisite to i^iq&>^k^ ^gti^<;s^Gi»&. 
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changes, to which two thousand yean aie 
nothing, or that the mean temperature of the earth 
had arrived at a state of equilibrium before these 
observations. 

However strong the indications of the primi- 
tive fluidity of the earth, as there is no direct 
proof of it, the hypothesis can only be regarded 
as very probable ; but one of the most profound 
philosophers and elegant writers of modem times 
has found in the secular variation in the excen* 
tricity of the terrestrial orbit an evident cause 
of decreasing temperature. That accomplished 
author, in pointing out the mutual dependences of 
phenomena, says, ^ It is evident that the mean 
temperature of the whole surface of the globe, in 
so far as it is maintained by the action of the sun 
at a higher degree than it would have were the 
sun extinguished, must depend on the mean quan- 
tity of the sun's rays which it receives, or — ^which 
comes to the same thing— on the total quantity 
leceived in a given invariable time; and the length 
of the year being unchangeable in all the fluctua- 
tions of the planetary system, it follows that the 
total amount of solar radiation will determine, 
ctBteris paribus j the general climate of the earth. 
Now, it is not difficult to show that this amount 
is inversely proportional to the minor axis of the 
ellipse described by the earth about the sun, re* 
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garded as slowly variable ; and that^ therefore, the 
major axis remainlTig, as we know it to be, con- 
stant, and the orbit being actually in a state of 
approach to a circle, and consequently the minor 
axis being on the increase', the mean annual 
amount of solar radiation received by the whole 
earth must be actually on the decrease. We have 
therefore an evident real cause to account for the 
phenomenon.' The limits of the viariation in the 
exoentricity of the earth's orbit are unknown ; 
but if its ellipticity has ever been as great as that 
of the orbit of Mercury or Pallas, the mean tem- 
perature of the earth must have been sensibly 
higher than it is at present ; whether it was great 
enough to render our northern climates fit for the 
production of tropical plants, and for the residence 
of the elephant and other animals now inhabitants 
of the torrid zone, it is impossible to say. 

The relative quantity of heat received by the 
earth at different moments during a single revolu- 
tion varies with the position of the perigee, which 
accomplishes a tropical revolution in 21067 years. 
In the year 1245 of our era, and 19822 years 
before it, the perigee coincided with the winter 
solstice; at both these periods the earth was 
nearer the sun during the summer, and farther 
from him in the winter, than in any other position 
of the apsides ; the extremes oi Um^x^Xxa^ \fiN«»\. 
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therefore hare been greater than at present; hot 
as the terrestrial orfoit was probably move eD^pded 
at the distant epoch, the heat of the siimnien mmt 
have been very great, though possibly compeimled 
by the rigour of the winters ; at all eventa, none 
of these changes affect the length of the day. 

It appears, from the marine shells found on die 
tops of the highest mountains, and in almost evoy 
part of the globe, that immense continents lune 
been elevated above the ocean, which must hsve 
engulphed others. Such a catastrophe would be 
occasioned by a variation in the position of tlie 
axis of rotation on the sur£EU» of the earth; £ar 
the seas, tending to a new equator, would leavs 
some portions of the globe and overwhelm others. 
Now, it is found by the laws of mechanics that, 
in every body, be its form or density what it may, 
there are at least three axes at right angles to each 
other, round any one of which, if the solid bqpns 
to rotate, it will continue to revolve for ever, pro- 
vided it be not disturbed by a foreign cause, but 
that the rotation about any other axis will only 
be permanent for an instant; consequentiy the 
poles or extremities of the instantaneous axis of 
rotation would perpetually change their position 
on the surface of the body. In an ellipsoid of 
revolution, the polar diameter, and every diameter 
in the plane of the equator, are the owl^ \»iuaMMnt 
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axes of rotation ; eonaeqiieiitly , if the ellipsoid were 
to begin to revolve about any diameter between the 
pole and the equator, the motion would be so 
unstable, that the axis of rotation and the position 
of the poles would change every instant. Hence, 
as the earth does not differ much from this figure, 
if it did not turn round one of its principal axes, 
the position of the poles would change daily ; the 
equator, which is 90^ distant, would undergo cor- 
responding variations ; and the geographical lati- 
tudes of all places, being estimated from the equa- 
tor, iissumed to be fixed, would be perpetually 
changing. 

A displacement in the position of the poles of 
only two hundred miles would be sufficient to pro^ 
duce these effects, and would immediately be de- 
tected; but as the latitudes are foimd to be invar 
riable, it may be concluded that the terrestrial 
spheroid must have revolved about the some axis 
for ages. The earth and planets differ so litde 
from ellipsoids of revolution, that, in all probabi- 
lity, any libration firom one axis to another, pro- 
duced by the primitive impulse which put them in 
motion, must have ceased soon after their creation 
from tiie Mction of the fluids at their surfaces. 

Theory also proves that neither nutation, pre- 
cession, nor any of the disturbing forces that affect 
the system, have the smaHeBt \nfi.\xcsvcfc wv^Joa %xn& 
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of rotation, which maintains a permanent position 
on the surface, if the earth be not distiurbed in its 
rotation by a foreign cause, as the collision of a 
comet, which might have happened in the immen- 
sity of time. But had that been the case, its 
effects would still have been perceptible in the 
variations of the geographical latitudes. If we 
suppose that such an event had taken place, 
and that the disturbance had been very great, 
equilibrimn could then only have been restored, 
with regard to a new axis of rotation, by the 
rushing of the seas to the new equator, which 
they must have continued to do till the surface 
was everywhere perpendicular to the direction of 
gravity. But it is probable that such an accumu- 
lation of the waters would not be sufficient to 
restore equilibrium if the derangement had been 
great, for the mean density of the sea is only about 
a fifth part of the mean density of the earth, and 
the mean depth of the Pacific Ocean is not more 
than four miles, whereas the equatorial radius of 
the earth exceeds the polar radius by about twenty- 
five miles ; consequently, the influence of the sea 
on the direction of gravity is very small ; and as it 
tlius appears that a great change in the position 
of the axis is incompatible with the law of equi- 
librium, the geological phenomena in question must 
be ascribed to an internal cause. Indeed, it is now 
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demonstrated that the strata containing marine di- 
luvia, which are in loft}' situations, must have been 
formed at the bottom of the ocean, and afterwards 
upheaved by the action of subterraneous fires. Be- 
sides, it is clear, from the mensuration of the arcs 
of the meridian, and the length of the seconds 
pendulum, as well as from the lunar theory, that 
the internal strata, and also the external outline 
of the globe, are elliptical, their centres being 
coincident, and their axes identical, with that of 
the surface, — a state of things wliich, according to 
the distinguished author lately quoted, is incom- 
patible with a subsequent accommodation of the 
surface to a new and different state of rotation 
from that which determined the original distribu- 
tion of the component matter. Thus, amidst the 
mighty revolutions which have swept innumerable 
races of organized beings from the earth, which 
have elevated plains, and buried mountains in the 
ocean, the rotation of the earth, and the position 
of the axes on its surface, have imdergone but 
slight variations. 

It not only appears that the strata of the ter- 
restrial spheroid are concentric and elliptical, but 
the lunar inequalities show that they increase in 
density from the surface of the earth to its centre. 
This would certainly have happened if the earth 
had angmaJly been fluid, for the deii^et ^wX-^tdmsN 
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htLyt subndfid tovrards the centre, as it approached 
a state of equilibriam; but the enormoua pre wwi ie 
of the Baperincumbent mass is a sufficient caue 
fcnr the phenomenon. Professor Leslie obaervei 
that air, compressed into the fiftieth part of its 
volume, has its elasticity fifty times augmented; 
if it continue to contract at that rate, it wooldy 
from its own incumbent weight, acquire die density 
of water at the depth of thirty-four miles. But 
water itself would have its density doubled at the 
depth of ninety-three miles, and would even attain 
the density of quicksilver at a depth of 362 miles. 
In descending, therefore, towards the centre, tiuroagfa 
nearly 4000 miles, the condensation of ordinary 
substances would surpass the utmost powers of 
conception. Dr. Young says that steel would be 
compressed intq one-fourth and stone into one* 
eighth of its bulk at the earth's centre. However, 
we are yet ignorant of the laws of compression of 
solid bodies beyond a certain limit ; though, firom 
the experiments of Mr. Perkins, they appear to be 
capable of a greater degree of compression than 
has generally been imagined. 

But a density so extreme is not borne out by 
astronomical observation. It might seem to follow, 
therefore, that our planet must have a widely 
cavernous structure, and that we tread on a crust 
or shell whose thickness bears a very small pro- 
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fottkm to iJk fKamrtgr of ite tpiiore. Posalify, 
too, this great condenntien at die eentral regiona 
nay be emmtorbaLuicad by the increaaed dattieity 
dae to a ytrj elevated tempenutaore. 

SECTION xn. 

It has been sbown that the azii of lotatioii is 
xa¥anahle on the suiface of the earth, and obeeiTfr- 
tion, as well as theory, prove that, were it not lor 
the action of the sun and moon on the saatter at 
the equator, it would remain parallel to itadf ia 
every point of its orbit 

The attraction of an external bo^ not oidy 
draws a spheroid towards it, but, as the force 
variea inversely as the square ci the distanoe, it 
gives it a motion about its centre of gravity, unless 
when the attracting body is situate in the prolong- 
ation of one of the axes of the spheroid. The 
plane of the equator is inclined to the plane 
of the ecliptic at an angle of 23° 2T 36'^ '1; 
and the incUnation of the lunar orbit on the same 
is 5° 6' 47'''9; consequently, firpm the oUaie 
figure of the earth, the sun and moon aistiag 
obliquely and unequally on the different parts of 
the terrestrial spheroid, urge the plane of the 
equator from its direction, and iforce it to move 
tern east to west, so that the equinoctial ^^Vb 
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have a slow retrograde motion on the plane of the 
ecliptic of SO'' '31512 annually. The direct ten- 
dency of this action is to make the planes of the 
equator and ecliptic coincide, but it is balanced 
by the tendency of the earth to return to staible 
rotation about the polar diameter, which is one of 
its principal axes of rotation ; therefore the incli- 
nation of the two planes remains constant, as a 
top spinning preserves the same inclination to the 
plane of the horizon. Were the earth spherical, 
this effect would not be produced, and the equi- 
noxes would always correspond with the same 
l>oints of the ecliptic, at least as far as this kind 
of motion is concerned. But another and totally 
different cause which operates on this motion has 
already been mentioned. The action of the planets 
on one another and on the sun occasions a very 
slow variation in the position of the plane of 
the ecliptic, which affects its inclination to 
the plane of the equator, and gives the equi- 
noctial points a slow but direct motion on the 
ecliptic of 0"* 15272 annually, which is entirdy 
independent of the figure of the earth, and would 
be the same if it were a sphere. Thus the sun 
and moon, by moving the plane of the equator, 
cause the equinoctial points to retrograde on the 
ecliptic, and the planets, by moving the plane of 
the ecliptic, give them a direct motion, though 
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much less thtn the fonner; oonsequently, the 
difference of the tvo is the mean preeeBskm, which 
is proved, hoth hj theory and obeervation, to be 
about 50" -223 annually. 

As the lon^iitiidea of all the fixed ftarv are 
increaaed by this quantity, the efiects of pre* 
cession are soon detected; it was acconlinidv 
discovered by Hippaichus, in the year 128 be- 
fore Christ, from a comparison of his own ob- 
servations with thoEC of Timocharis, 155 years 
before. In the time of Hipparchus, the entrance 
of the sun into the constellation Aries was the 
beginning of spring, but since that time the equi- 
noctial points have receded 30^, so that the con- 
stellations called the signs of the zodiac are now 
at a considerable distance from those divisions of 
the ecliptic which bear their names. Moving at 
the rate of 50" '223 annually, the equinoctial 
points will accomplish a revolution in 25S05 
years ; but as the precession varies in difiK;rent 
centuries, the extent of this period will be slightly 
modified. Since the motion of the sun is direct, 
and that of the equinoctial points retrograde, he 
takes a shorter time to return to the equator than 
to arrive at the same stars ; so that the tropical 
year of 365*242219 mean solar days must be 
increased by the time he takes to move through an 
arc of 50" * 223, in order to have tb&\&Ty^ ol H^ofe 



94 GomnxioN ov THB 



sidereftl jcur. By amiple pn^rtum, it is the 
0-014154th p«rt of a day, ■> ihftt tbe Bidereal yctr 
ccmtaiDa dd&* 256373 meu M^ar doyi. 

The mean annual preceBtkm is sobject to a 
secular wiatum; ftr, akfaough the change in die 
}dane of the ediptic, in which the orbit of the aim 
lies, be independent of the fonn of the earth, yet, 
by bringing the mm, mocm, and earth into diffisieat 
TdUuive positioiM, fimm i^ to age, it altera the 
direct action of the two first on the pronunent 
matter at the eqvator : on this account, the motion 
of the equinox is greater by (^ *455 now than it 
was in ibiB time of Hipparchus; consequently, the 
actual length oi the tropical year is about 4**21 
shorter than it was at that time. The utmoit 
change that it can experience from this cause 
amounts to 43 seconds. 

Such is the secular motion of the equinoxes; 
but it is sometimes increased and sometimes dimi- 
nished by periodic variations, whose periods depend 
upon the relative positions of the sun and moon 
with regard to the earth, and which are occasioned 
by the direct action of these bodies on the equator. 
Dr. Bradley discovered that by this action the moon 
causes the pole of the equator to describe a small 
ellipse in the heavens, the diameters of which are 
16" and 20". The period of this inequality is 19 
yeaiB, the time employed by the nodes of the Imiar 
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orUt to accomplish a Tevolution. The sun cauaea 
a Bmali Yariatkni in the description of this elhpae; 
it nma through its period in half a year. This 
nutation in the earth's axis affects hoth the pre- 
oesnon and ohliquity with small periodic Taria- 
tions ; hut, in consequence of the secular variation 
in the position of the terrestrial orhit, which is 
chiefly owing to the disturbing energy of Jupiter 
on the earth, the obliquity of the ecliptic is annu- 
ally <iiTnini«}i<»d by O'''445,ory according toBessel, 
by 0"*457. This variation in the course of ages 
may amount to ten or eleven degrees ; but the 
obliquity of the ecliptic to the equator can never 
vaiy more than 2^42' or 3°, since the equator will 
follow in some measure the motion of the ecUptic. 

It is evident that the places of all the celestial 
bodies are afiected by precession and nutation, 
and therefore all observations of them must be 
corrected for these inequalities. 

The densities of bodies are proportional to their 
masses divided by their volumes; hence, if the 
sun and planets be assumed to be spheres, their 
volumes will be as the cubes of their diameters. 
Now, the apparent diameters of the sun and earth, 
at their mean distance, are 1922" -8 and 17" • 154, 
and the mass of the earth is the 354936th part of 
that of the sun taken as the unit : it foUows, there- 
fore, that the earth is nearly four times aa <kMft 
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08 the Bun; but the sun is so large, that his 
attractive force would cause bodies to fall through 
about 334*65 feet in a second; consequently, if 
lie were habitable by human beings, they would 
he unable to move, since their weight woidd be 
thirty times as great as it is here. A man of 
moderate size would weigh about two tons at the 
surface of the sun, whereas, at the surface of the 
four new planets, he would be so light, that it 
would be impossible to stand steady, since he would 
only weigh a few pounds. All the planets and 
satellites appear to be of less density than the earth. 
The motions of Jupiter's satellites show that his 
density increases towards his centre : were his mass 
homogeneous, his equatorial and polar axes would 
be in the ratio of 41 to 36, whereas they are ob- 
served to be only as 41 to 38. The singular irre- 
gularities in the form of Saturn, and the great 
compression of Mars, prove the internal structure 
of these two planets to be very far from uniform. 

SECTION XIII. 

Astronomy has been of immediate and essential 
use in affording invariable standards for measuring 
duration, distance, magnitude, and velocity. The 
bidcreal day, measured by the time elapsed between 
two consecutive transits of anv star at the same 
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meridian, and the sidereal year, are immutable units 
with which all great periods of time are compared; 
the oscillations of the isochronous penduliun mea- 
sure its smaller portions. By these invariable stand- 
ards alone, we can judge of the slow changes that 
other elements of the system may have undergone 
in the lapse of ages. 

The returns of the sun to the meridian, and to 
the same equinox or solstice, have been universally 
adopted as the measure of our civil days and years. 
The solar or astronomical day is the time that 
elapses between two consecutive noons or mid- 
nights; it is consequently longer than the sidereal 
day, on account of the proper motion of the sun 
during a revolution of the celestial sphere; but, 
as the sun moves with greater rapidity at the 
winter than at the summer solstice, the astro- 
nomical day is more nearly equal to the sidereal 
day in summer than in winter. The obliquity of 
the ecliptic also affects its duration, for in the equi- 
noxes the arc of the equator is less than the cor- 
responding arc of the ecliptic, and in the solstices 
it is greater. The astronomical day is therefore 
diminished in the first case, and increased in the 
second. If the sun moved uniformly in the equa- 
tor at the rate of 59' 8"* 3 every day, the solar 
days would be all equal ; the time, therefore, which 
is reckoned by the arrival of an imaginary sun id.t 
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the meHdian, or of one which is suppomed to moye 
uniformly in the equator, is denominated mean 
solar time, such as is given by clocks and watches 
in common life : when it is reckoned by the axrival 
of the real sun at the meridian, it is apparent 
time, such as is given by dials. The difieience 
between the time shown by a clock and a dial is 
the equation of time given in the Nautical Alma- 
nac, sometimes amounting to as much as sixteen 
minutes. The apparent and mean time coincide 
four times in the year. 

The astronomical day begins at noon, but in 
common reckoning the di^y begins at midnight. 
In England it is divided into twenty-four houxB» 
which are counted by twelve and twelve; but in 
France, astronomers, adopting the decimal divisiouj 
divide the day into ten hours, the hour into one 
hundred minutes, and the minute into a hun4>ed 
seconds, because of the facility in computation, 
and in conformity with their system of weights 
and measures. This subdivision is not used in 
common life, nor has it been adopted iu any other 
coimtry ; and although some scientific writers in 
France still employ that division of time, the cus- 
tom is beginning to wear out. The mean length 
of the day, though accurately determined, is not 
sufficient for the purposes either of astronomy or 
civil life. The tropical or civil year of 365 * 242219 
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wean flolar dAj% tbe tiioe eUpaed between the 
consecutive letoniB of the sun to the mean equi- 
BODBB or flolaticeii, including aU the changes of the 
•euoDS, is a natural cycle peculiarly suited for a 
mafuure of dviiktioD. It is estimated from the 
water aoktioe, the middle of the long aimual night 
andfirthe poles. But although the length of the 
civil ycfff is pointed out by nature as a measure 
of long periods, the incommensurability that esists 
hetweea the length of the day and the revolution 
of the ttun xenden it difficult to adjust the estima- 
tion ci both in whole numbers. If the revolution 
of the sun weve accomplished in 365 days, all the 
yean would be of precisely the same mimber of 
days, ^nd would begin and end with the sun at 
Ae aame pdoit of the ecliptic ; but as the sun's 
jsrohition includes the fraction of a day, a civil 
ymf and % revolution of the sun have not the same 
dvation. Since the fraction is nearly the fourth 
(d a day, in four years it is nearly equal to a revo- 
hftkm of the sun, so that the addition of a super- 
npBDeraxy day every fourth year nearly compensates 
Ae difiezcnce ; but, in process of time, further cor- 
nctionwill be necessary, because the fraction is 
IcM than the fourth of a day. In fact, if a bissextile 
be Buppneased at the end of three out of four cen- 
turies, the year so determined will only exceed the 
tnie year by an extremely small fraction of a day; 

h2 
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and if, in addition to this, a bissextile be suppressed 
every 4000 years, the length of the year will be 
nearly equal to that given by observation. Were 
the fraction neglected, the beginning of the yeai 
would precede that of the tropical year, so that it 
would retrograde through the different seasons in 
a period of about 1507 years. The Egyptians 
estimated the year at 365*25 days, by which they 
lost one year in every 14601 — their Sothiac 
period. The division of the year into months is 
very old and almost universal ; but the period of 
seven days, by far the most permanent division of 
time, and the most ancient monument of astrono- 
mical knowledge, was used by the Brahmins in 
India with the same denominations employed .by 
us, and was alike found in the calendars of the 
Jews, Egyptians, Arabs, and Assyrians; it has 
survived the fall of empires, and has existed 
among all successive generations, a proof of theii 
common ori^n. 

The new moon immediately following thewintei 
solstice in the 707th year of Rome was made the 
Ist of January of the first year of Julius Caesar ; the 
25th of December of his forty-fifth year is consi- 
dered as the date of Christ's nativity; and CeEMsar'i 
forty-sixth year is assumed to be the first of out 
era. The preceding year is called the first year 
before Christ by chronologists, but by astronomai 
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it is called the year 0. The astronomical v«ar 
begins on the 31st of Decemher, at noon ; am! the. 
date of an observation expresses the days zrA 
hours which have actually ela[)8ed &ince th^ 
time. 

Some remarkable astronomical eras are deter- 
mined by the position of the major axi^ of ihi^ 
Dolar ellipse^ which depends upon the direct Zui.- 
tion of the perigee and the precession of t^ue *sfi-- 
noxes conjointly, the annual motion of thf. f,zjt 
being 11" "2936, and that of the other 50' 223, 
hence the axis, moving at the rate of GT'^l^i::* 
uually, accomplishes a tropical revolution iii2VfA 
years. It coincided with the line of tlie eq':iry^x*t 
4000 or 4022 years before the Chn^tur. en, 
much about the time chronologisti: asii^. i.z \:^. 
creation of man. In 6512 the major axis ^ .11 \^:. 
coincide with the line of the equinoxes, '-. -: '•^. 
the solar perigee wiU coincide with x\jz ':f.s:u\i -r. 
»prmg, whereas at the creation of mari '.\ r-,.:.',-v^ 
with the autumnal equinox. In th': y.kj 124', 
the major axis was pcrpcndicidar to th<: L.v: -A 
the equinoxes, then the b^ilar iieri^c/: '.'i.u^jti^ 
with the solstice of winter, and the ^y/i*^-. ■«:•:, 
the solstice of summer. According to La Vik:.*^ 
who computed these periods from difffrrr:;it 'fjLVt. 
the last coincidence happened in the year 12^0 •* 
our era, which induced ir >*oge i\ud.\ w-y^ 
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at a imiversd epoch, the Temal equinox of the 
year 1250 to be the fint dliy of the fiistysat; 

The Tariation in the position of the solar ellipia' 
occfkBions conesponding changes in the length o£ 
the seasons. In its present position, spring ia 
shorter than summer, and autumn longer than 
winter ; and while the solar perigee continues nm 
it now is, between the solstice of winter and the> 
equinox of spring, the period including spring and 
summer win be longer than that including automn- 
and winter. In this eentury the dtififeienoe iff 
between seren and eight days. The interval* 
will be equal towards the year 6612^ when tiie 
perigee coincides widi the equinox of spring, hot 
when it passes that point, the spring and summer, 
taken together, will be shorter than the periodi 
including the autumn and winter. These changea 
wHl be accomplished in a tropical revolution of 
the major axis of the earth's oibit, which includeff 
an interval of 21067 years; and as the seaaona 
ore opposed to each other in the northern and- 
southem hemispheres, they alternately receive, for 
a period of 10534 years, a greater portion of light 
and heat. Were the orint circular, the seasons 
would be equal ; their difference arises from the 
excentricity of the orbit, small as it is; but the 
changes are so trifling, as to be imperceptible in 
the Bhort space of hmnsm life. 



TSo GiicuniBtaiioe in tlu whole scieiiee of asto- 
lUfBty «Koit8B a deeper in^berest than it» applfoalacfa 
te ehnmology. ^ Whole nationft^'' eeys. La Ftiu»v 
** h«fe been swept from the earth> with their Ian- 
guagei) arte, and adenoes, leaving bat confused 
mm9e» of ruina to maik the place where mighty 
titiw» stood; theirs history, with the ^Keption of & 
ftnr doobtM traditioBs, has perished; but the 
peifitotion of their asteonomical observations marits 
thfliv higlt antiqnityy fixes the> periods ei their 
csiatence) and proves that, even at that eaiij tiine^ 
tiwy must have made considerable progresa m 
seknoew'*^ The anciebt state of the heavens may 
nam be computed with great accuracy; and by 
tenxparing the results of conqmtation widi ancient 
obasrvatioiis^ the exact period at which, they were 
madB may be verified, if true^ or, if false, thdii 
oisMD may be detected, li the date be accurate, 
and the observataon good^ it w^ vmfy the accu-^ 
QSHy of modecn tables^ and will show to^ how many 
aontariea they may be extended, wii^out the &aA 
96' errors A few ^uunples will show the impoi!t(« 
woe of tb^ subjept 

M the si^sticea Ihe sun ia at has greatest di»- 
taiuce from the equAl;oc,,conseqja«Dtly his decluiar 
fiam at these times is eipial to the obliqjaity oi the 
enliftfe, which^ in fonaer tjmcs^. waa detemiaed 
bmk the mBridian hmgth of the shadow oC the. 
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sUle of a dial on the day of the solstice. The 
lengths of the meridian shadow at the summer and 
winter solstice are recorded to have been observed 
at the city of Layang, in China, 1100 years before 
the Christian era. From these, the distances of 
the smi £rom the zenith of the city of Layang are 
known. Half the smn of these zenith distances 
determines the latitude, and half their difference 
gives the obUquity of the ecUptic at the period of 
the observation ; and as the law of the variation 
of the obUquity is known, both the time and place 
of the observations have been verified by computa^ 
tions from modem tables. Thus the Chinese had 
made some advances in the science of astronomy 
at that early period; their whole chronology is 
founded on the observation of eclipses, which 
prove the existence of that empire for more 
than 4700 years. The epoch of the lunar tables 
of the Indians, supposed by Bailly to be 3000 
years before the Christian era, was proved by La. 
Place, from the acceleration of the moon, not to 
be more ancient than the time of Ptolemy, who 
lived in the second century after it. The great 
inequality of Jupiter and Saturn, whose cycle 
embraces 929 years, is peculiarly fitted for mark- 
ing the civilization of a people. The Indians had 
determined the mean motions of these two planets 
in that part of their periods when the apparent 
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mean motion of Saturn was at the sloweet, and 
that of Jupiter the most rapid. The periods in 
which that happened was 3102 years before the 
.Christian era, and the year 1491 after it. The 
returns of ccftnets to their perihielia may possibly 
mark the present state of astronomy to future 
ages. 

The places of the fixed stars are affected by the 
precession of the equinoxes; and as the law of 
that yariation is known, their positions at any 
time may be computed. Now Eudoxus, a con- 
temporary of Plato, mentions a star situate in the 
pole of the equator, and it appears from computa- 
tion, that K Draconis was not very far from that 
place about 3000 years ago; but as it is only 
about 2150 years since Eudoxus lived, he must 
have described an anterior state of the heavens, 
anppoaed to be the same that was mentioned by 
Chiron, about the time of the siege of Troy. 
Every circumstance concurs in showing that 
astronomy was cultivated in the highest ages of 
antiquity. 

It is possible that a knowledge of astronomy 
may lead to the interpretation of hieroglyphical 
characters. Astronomical signs are often found 
on the ancient Egyptian monuments, probably 
employed by the priests to record dates. The 
author had occasion to witness an \Tv«»\AXkKft ^ 
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this most iatefeBtmg appHoatioii of aetnHMmy^ m 
aBcertshnng tiie ^hrte of a papyniB^ sent ffoni 
Egypt by Mt. Selt^ in the liieroglyphical le^ 
searches ai' the late ]>r. Thomaft Young, n^oee 
proi^nxad' and Taiiecl- acqmiemeats do honour to his 
country and to the age in which he lived; The 
manuscript was found in a mununy-case ; it 
proved to be a horoscope of the age of Ptoleiny, 
and its antiquity was detemdned from the con* 
figuration of ^m heavens at the time of its eon* 
struction. 

The' form oB die earth furnishes a sta n d aw i of 
weights and measures for the ordinary puipoaes 
of liftj as well as for the determination of the 
masses and distances of the heavenly bodies. The 
length of the pendulum vibrating seconds of mean 
solar time, in the latitude of London, forms the 
standard of the British measure of extension. Iti 
length oscillating in vacuo at the temperature of 
62^ of Falsrenheit, and reduced to the level of the 
sea was determined, by Captain Kater, to bt 
39*1392 inches. The weight of a cubic inch of 
water at the temperature of 62° of Fahrenheit, 
barometer 30 inches, was also determined in parts 
of the imperial troy pound, whence a standard 
both of weight and capacity is deduced. The 
French have adopted the metre equal to 3'28080d3 
JSngiiih. feet far their unit of linear measure, vhkk 
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li tik tenHnillionth p«rt of that quadrant of tho 
neridian paBsing ^crov^h Formentera and Green* 
mA, tke' mid^e of which is neaiiy in the fbr^- 
fifth degree of latitude. Should the national 
standards of the two countries be lost in the 
vicissitude of human affairs, both may be reco- 
vered, since they are derived from natural standards 
ponmmed to be ihyariahle. The length of the 
peaduluin would be found again with more fiu^ility 
dian the metre ; but as no measiue is mathema- 
tically exact, an error in the original standard 
may at length become sensible in measuring a 
great extent, whereas the error that mnst necea* 
aarily arise in measuring the quadrant of the 
meridian is rendered totally insensible by subdm- 
aiens, in taking its ten-millionth part. The French 
have adopted the decimal division, not only in 
tbne, but in their degrees, weights, and measures^ 
ou account of the very great facility it affords in 
co m p ut ation. It has not been adopted' by any 
ether people, though nothing is more desirable than 
tibat all nations should concur in using the same 
cfivision a&d^ standards, not only on account of 
convenience, but as affording a more definite idea 
of quantity. It is singular that the decimal 
division of the day, of degrees, weights^ and 
measures, was employed in China 4000 years 
agro; and that at the time Ibn 3uii\ft madft \s» 
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obBervationB at Cairo, about the year 1000 of 
Christian era, the Arabs were in the habit of em- 
ploying the vibrations of the pendulum in 
astronomical observations as a measure of time^ 



SECTION XIV. 

One of the most immediate and remarkable effeeti 
of a gravitating force external to the earth, is the 
alternate rise and fall of the surface of the sea twice 
in the course of a lunar day, or 24^ 50" 48* of mean 
solar time. As it depends upon the action of the 
sun and moon, it is classed among astronomical 
problems, of which it is by far the most diflScalt 
and its explanation the least satisfactory. The 
form of the surface of the ocean in equilibrio, when 
revolving with the earth round its axis, is an ellip- 
soid flattened at the poles ; but the action of the 
sun and moon, especially of the moon, disturbs the 
equilibrium of the ocean. If the moon attracted 
the centre of gravity of the earth and all its par- 
ticles with equal and parallel forces, the whole 
system of the earth and the waters that cover it 
would yield to these forces with a common modon, 
and the equilibrium of the seas would remain un- 
disturbed. The difference of the forces, and the 
inequality of their directions alone, trouble tfae 
equilibrium. 
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It is provjed by daily experience, as well as by 
strict mathematical reasoning, that if a number of 
waves or oscillations be excited in a fluid by dif- 
ferent forces, each pursues its course, and has its 
e£fect independently of the rest. Now in the tides 
there are three distinct kinds of oscillations, depend- 
ing on different causes, and producing their effects 
independently of each other, which may therefore 
be estimated separately. 

The oscillations of the first kind, which axe 
very small, are independent of the rotation of the 
earth ; and as they depend upon the motion of the 
disturbing body in its orbit, they are of long pe- 
riods. The second kind of oscillations depends 
upon the rotation of the earth, therefore their period 
is nearly a day ; and the oscilla:tions of the third 
kind vary with an angle equal to twice the angular 
rotation of the earth; and consequently happen 
twice in twenty -four hours. The first afford no 
particidar interest, and are extremely small; but 
the difference of two consecutive tides depends 
upon' the second. At the time of the solstices, 
this difference, which ought to be veiy great, 
according to Newton's theory, is hardly sensible 
on our shores. La Place has shown that this 
discrepancy arises from the depth of the sea, and 
that if the depth were uniform there would be no 
difference in the consecutive tides but that which 
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ia occflticHietl 1^ loc«l drcumstuiawjj 
therefore, that ■■ this diOereDce u 
the eea, coiuidered in a l&rge extendi 
nearly of unifiHin deptb, that is tu fiuy,i| 
certain meaa depth from which the d 
not great. The mean depth of the Pac 
IB Buppoied to be about four miles, t 
Atlantic <Hily three. From the I 
determine the difference of the Goosecuf 
it ia also proved, that the preceBBion of a 
amces, and the nutation of the earth'i 
the iame aa if the sea fonoed one solid q 
the earth. 

Oscillatiom of the third kind are I 
diurnal tides, ao mnarkable on 
ure occaeioned by the combined action of t] 
and moon, but ae the effect of each ii 
of the other, they may he considered eeparate 

The particles of water under the o 
attracted dun the centre of gravity of the e 
in the inverse ratio of the square of the distanoa 
hence they h&ve a tendency to leave the e 
but are retained by their gravitation, which i 
diminished by thia tendency. On the contrary, tiifi 1 
moon attracts the centre ot' tlie earth more power- 
fully than ahe attracU the p«rticle» of water in tha 
hemiaphere oiqioaite to her ; ao that the earth baa 
a tendency to leave the waters, but ia retained bf 
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librium instantaneouslyy that is, the form of the 
spheroid, its summit would always point to the 
moon, notwithstanding the earth's rotation; but 
on account of their resistance the rapid motion 
produced in them by rotation, prevents them from 
assiuning at every instant the form which the equi- 
librium of the forces acting upon them requires. 
Hence, on account of the inertia of the waters, if 
the tides be considered relatively to the whole 
earth, and open sea, there is a meridian about 
30^ eastward of the moon, where it is always high 
water both in the hemisphere where the moon is 
and in that which is opposite. On the west side 
of this circle the tide is flowing, on the east it is 
ebbing, and on every part of the meridian at 90^ 
distant, it is low water. These tides must ne- 
cessarily happen twice in a day, since the rota- 
tion of the earth brings the same point twice 
under the meridian of the moon in that time, once 
under the superior, and once under the inferior, 
meridian. 

In the semidiurnal tides there are two pheno- 
mena particularly to be distinguished, one occur- 
ring twice in a month, and the other twice in 
a year. 

The first phenomenon is, that the tides are much 
increased in the syzigies, or at the time of new 
and full moon. In both cases the sun and moon 



PBTSICAL SCIENCBS. 113 

are in the same meridian, for when the moon is 
new they are in conjunction, and when she is full, 
they are in opposition. In each of these positions 
thdr action is combined to produce the highest or 
spring tides under that meridian, and the lowest 
in those points that are 90° distant. It is ob- 
served that the higher the sea rises in full tide, 
the lower it is in the ebb. The neap tides take 
place when the moon is in quadrature ; they nei- 
ther rise so high nor sink so low as the spring 
tides. The spring tides are much increased when 
the moon is in perigee, because she is then nearest 
to the earth. It is evident that the spring tides 
nmst happen twice in a month, since in that time 
the moon is once new and once full. 

The second phenomenon in the tides is the 
aogmentation, which occiurs at the time of the 
equinoxes, when the sun's declination is zero, 
which happens twice every year. The greatest 
tides take place when a new or full moon happens 
near the equinoxes while the moon is in perigee. 
The inclination of the moon's orbit on the ecliptic 
is 5° 8' 47"*9 ; hence, in the equinoxes, the action 
of the moon would be increased if her node were 
to coincide with her perigee. The equinoctial 
gales ofbcn raise these tides to a great height. Be- 
sides these remarkable variations, there are others 
arising from the declination of the sun aad moQiiv> 

1 
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which have a great influence on the ebb and fiaw 
of the waters. The mocm takes about twenty-^'niDe 
days and a half to vaiy through dll her dedina- 
tionsy which sometimea extend about 28|- dqgms 
en each side of the equator, while the sun zeqmEGs 
about 365:}- dsLjn to accomplish his motion from 
tropic to tropic through about 23^ di^reea, so that 
their combined motion oauies great irregularitieay 
and, at times, their attractiye forces counteract 
each other's effects to a certain extent ; but, on an 
arerage, the mean monthly range of the moen'a 
declination is nearly the same as the annual imnge 
of the declination of the sun; consequently the 
highest tides take place within the tropics, and die 
lowest towards the poles. 

Both the height and time of high water are 
thus perpetually changing; therefore, in solving 
the problem, it is required to determine the 
heights to which the tides rise, the times at which 
they happen, and the daily variations. Theoiy 
and observation show, that each partial tide n<- 
creases as the cube of the apparent diameter or of 
the parallax of the body which produces it, and 
that it dimiuislies as the square of the cosine of 
the declination of that body. 

The periodic motions of the waters of the ocean, 
on the hypothesis of an ellipsoid of revolution 
entirely covered by the sea, are very far from 



acooidmg with observation ; this arises from the 
tery gfreat iitegulariti<ss in the surface of the earth, 
wldch iiB but partially covered by the sea, from 
tlMB Tariety in the depths of the ocean, the manner 
in ^hich it is spread out on the earth, the position 
and inclination of the shores, the currents, and 
tbe reaistance the waters meet with, causes 
it is impctesible to estimate, but which modify 
the oscillations of the great mass of the ocean. 
However, amidst all these irregularities, the ebb 
and flow of the sea maintain a ratio to the forces 
producing them sufficient to indicate their nature, 
and to verify the law of the attraction of the sun 
and moon on the sea. La Place observes, that 
the inveistigation of such relations between cause 
md effect is no less useful in natural philosophy 
than the direct st^ution of problems, either to 
prove the elistence of the causes or to trace the 
Iswe of their effects. Like the theory of probabi* 
Utiea, it is a happy supplement to the ignorance 
and weakness of the human mind. Thus the 
problem of the tides does not admit of a general 
solntkm ; it is certainly necessary to analyse the 
general phenomena which ought to result from the 
Attraction of the sun and moon, but these must be 
corrected in each particular case by local observa- 
tions modified by the extent and depth of the sea, 
and the peculiar circumstances of the place. 
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Upreater in nanov dMDWJff tiiui iii iLe <ipesi 
on account of the olcarttCQ'JStf i^nfr mefSt "vitk. 
The 0ea is bo pent up in Out Brrai^ CrarrTiri, ihar 
the tides Bomedmei nat us xoutL u £frr jup: ai 
St Malo, on the ooait '.•: Fnzioe. vaereu, oo :he 
ihores of some of the Scxrui Seft ifttbzidff. ihrr d? 
not exceed one or tvo feet. Tu: "vixkOK hAre « 
great influence on the hopn (a the :idi», i^ccotd- 
h^ as they ccmipire vith or oyfObt ibaii ; bat the 
actual eflfect of the viud in excitinr the nres of 
the ocean extends Terr litTle belav the tmfwct: 
even in the most vioknt t^ono^, the vster is pn>- 
bsbly calm at the depth of ninety or a hundred 
feet. The tidal vave of the ocean does not reach 
the Mediterranean nor the Baltic, paitly from their 
position and partly from the narrovness of the 
Straita of Gibraltar and of the CatetEst, but it is 
very perceptible in the Red Sea and in Hudson'^ 
Bay. In high latitudes, where the ocean is less 
directly under the influence of the luminaries, the 
rise and fidl of the sea is inconsiderable, so that, 
in all probability, there is no tide at the poles, or 
only a small annual and monthly tide. The ebb 
anl flow of the sea are perceptible in rivers to a 
Tery'great distance from their estuaries. In the 
Straits of Pauxis, in the river of the Amazons, 
more than five hundred miles from the sea, the 
are evident. It requires so luaivv dvs^ iotx 
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the tid^ to «fic«nd thi» mighty 8tKe«axi> thi^V iib» 
i^tuming tide9 meet a aucqession of thoBQ which 
mre coming up; lo that every posaiUe ¥«mtgr 
occurs in some part or othor of its shoreBy both m 
to magnitude and time. It requires a very wide 
expanse of water to accumulate the impulse of tha 
sun and moon, so as to render their infiuenot 
sensible ; on that accoimt, the tides in the Medir 
terranean and Black Sea ave scarcely perceptible. 

These perpetual commotions in the waters ait 
occasioned by forces that bear a very small pfo* 
portion to terrestrial gravitation : the sua's actiaa 
in raising the ocean is only 9a4t>»6'go of gravity* 
tion at the earth's surface, and the action of the 
moon is little more than twice as much; tbeaa 
forces b^ng in the ratio of 1 to 2*35333, whoq 
the sun sgid moon are at their mesfi diatancea firom 
the earth. From this ratio, the mass of the mjcxm 
is foimd to be only ^V of that of the earth. Had 
the action of the sun on the ocean been exactty 
equal to that of the moon, these would have bean 
no neap tides, and the spring tides would hava 
been of twice the height which the action of ei^ver 
the sun or moon would have produced separately; 
a phenomenon depending upon the interference of 
the undulations. 

A stone plunged into a pool of still wat^ 
occasions a series of waves to advance, along 
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die mnhot, tiumgh the water itidf is not csnied 
fowaid, but onfy rim into heists and anka into 
hoflowt, each portioBi of the surface being elevated 
and depmaed in its turn. Another stone of the 
aize, tiirown into the water near the firaty 
ooeaaion a similar set of undulations. Then, 
if aa equal and similar wave from each stone amve 
aft die aamc sfKvt at the same time, so that the 
deration of tiie one exactly coincides witlu the 
devatiou of file other, their united efifect will pro- 
daoe B wave twke the aise of either ; but if one 
wave p reee da the other by exactly half an nndu- 
ktioB^ the deration of the one will coincide with 
the hollow of the other, and the hollow oi the one 
with the devatibn of the ether, and the waves will 
sfr enfthrdy diditerate one another, ttxsX the surface 
of thewater will remain smooth and levd. Hence^ 
if Hie kxigth of each wave be represented by 1, 
theiy will dcatioy one another at intervals of ^y -I, 
^ &CLy and will combine their effects at the inters 
vaiff 1, 2, 3, &c. It will be fonnd, according to 
thia pTiiDciple,.when still water is disturbed by the 
Ml of two equal stones, that there are certain 
linea on ita aor&ee of a hyperbolie fonp, where 
the water ia amooth in consequenee of the wavea 
obMtamtingp each other ; and that the elevation ef 
the water in the adjacent parts corresponds to 
both the wavea united. Now, in the w^tvn^ vodL 
netp tidet, mting from tte combinaXioii ^ V)ick& 
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simple soli-lunar waves, the spring tide ia the 
joint result of the combination when they, coincitf^^ 
in time and place; and the neap tide happen^^ 
when they succeed each other by half an intervaL 
so as to leave only the effect of their differenoi^' 
sensible. It is therefore evident that, if the solar 
and lunar tides were of the same height, there 
would be no difRsrence, consequently no neap tides, 
and the spring tides would be twice as high as 
either separately. In the port of Batsha, in Ton- 
quin, where the tides arrive by two channels, of 
lengths corresponding to half an interval, there is 
neither high nor low water, on account of the 
interference of the waves. 

The initial state of the ocean has no influenoe 
on the tides ; for, whatever its primitive conditions 
may have been, they must soon have vanished by 
the friction and mobility of the fluid. One of the 
most remarkable circumstances in the theory of 
the tides is the assurance that, in consequence of 
the density of the sea being only one-fifth of the 
mean density of the earth, and that the earth 
itself increases in density toward the centre, the 
stability of the equilibrium of the ocean never can 
be subverted by any physical cause whatever. A 
general inundation, arising from the mere instabi- 
lity of the ocean, is therefore impossible. A variety 
of circumstances, however, tend to produce partial 
variations in the equilibrium of the seas, whi<^h is 
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Rstored by means of currents. Winds, and the 

periodical melting of the ice at the poles, occasion 

tempoTary water-courses; but by far the most 

important causes are the centrifugal force induced 

hj the velocity of the earth's rotation and varia- 

tioDs in the density of the sea. 

The centrifugal force may he resolved into 
two fbrces — one perpendicular, and another tan- 
gent to the earth's surface. The tangential 
fintse, though small, is sufficient to make the fluid 
particles within the ix)lar circles tend towards 
the equator, and the tendency is much increased 
by ihe immense evaporation in the equatorial 
regions, from the heat of the sun, which dis- 
turbs the equilibrium of the ocean ; to this may 
also be added the superior density of the waters 
near the poles, partly from their low temperature, 
tnd partly from their gravitation being less dimi- 
nished by the action of the sun and moon than 
that of the seas of lo^'er latitudes. In consequence 
of the combination of all these circumstances, two 
great currents perpetually set from each pole 
towards the equator ; but as they come from lati- 
tudes where the rotatory motion of the surface of 
the earth is very much less than it is between the 
tropics, on account of their inertia, they do not 
immediately acquire the velocity with which the 
solid part of the earth's surface is revolving at the 
equatorial regions, fhmi whence it foiDiw^ ^VaX^ 
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wkhin twenty-five or thivty degrees on each, 
of the line, the ocean appean to have a geacial 
motion from east to west, which, is much, inciemai 
hgr the action of the trade-winds. Tina nughlf 
maaa of luahmg watera, at about the tenth degne 
of south latitude, is turned towaida ^ north-imt 
bj the coast of America, runs througb the Golf of 
Mexico, and, passing the Straits of Florida at ihe 
xate of five miles an hour, forms the weU-know* 
current of the Gulf-stream, wbich sweepa akag 
the whole coast of America, sad. runs nocthwanL 
as £ur as the bank of Newfoundland,, whence, bea^ 
ing to the east, it flowa past the Azores andCanaiy 
IdaTids, till it joins the great westerly current of 
the tn^ics about latitude 21° north. Aocoiding 
to Humboldt, this great circuit of 3800 league^ 
which the waters of the Atlantic are perpetually 
describing between the parallels, of eleven and 
Ibrty-threa degrees of latitude, tdaj be accom* 
lAished l^ any one particle in two years and toa 
mond». Besides this, there are branchea of the 
Gulf-stream, which convey the fruits^ seeds, and a 
poxtiaa of the warmtk of the tropical climates, to 
oup northem shores.. 

The general westward motion of the South Sea, 
together with the south polar ClUTent, produce vaxi^ 
ous water-courses in the Pacific and Indian Oceans^ 
aeeocding as the one or the other prevails. Tha 
wissteca set of the Pacific, causes GoxraoUti^iBaai^ 
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Q» mcbt «de of Anrtnli^^ vfaik the poUr •tresn 
mibes akNag the Bay of Bengoi; but the w^tetbf 
ctjmnnt agoia becoiBOi most poweiM towards Cej- 
Iqd mi the MaldWea^ from whence it stietcbea hj 
the dtnauity of the Indian peninnula^ past Made- 
gMCai»totbe moat northern point of the continent 
af AftiQa» wboee it mingka with the general motion 
«f the aeae. Icebeigs are aoBoetimeB drifted aa far 
ndie^Azoxea from the north pole, and from the 
nmth pole they have come even to the Cape of Good 
Hope. In conaequence of the polar cunent. Sir 
Bdwexd Fazry was obliged to give up his attempt 
ti leech the worth pde in the year 1827, beeauae 
hcfoNiid that the fields of ice were drifting to the 
Math Aiiter than his party could travel over them 
totbenorthu 

SECTION XV. 

Tbb oaeBlations of the atmQaphere>and the changes 
k its temperature, bx» measured by variations in 
Ae- heights of the barometer and thermometer, but 
the aqtual length of the liquid columns in these 
iastrumenta not only depends upon the force of 
gravitation^ but upon capillary attracti(Hi> or the 
ime of cohesion, which is a reciprocal attraction 
between the moleculea of the liquid and those of 
im tube containing it. 

AU bodies consist of an assemblage of material 
paiti«tos held in equiUtario hj • VulM V 
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or €k)lie8ive force wbich tends to unite them, 
and also by a Tepnlsive force — ^probably caloric^ 
the principle' of heat — which tends to separate 
them. The intensity of these forces decreases 
rapidly, as the distance between the atoms aug- 
ments, and becomes altogether insensible as soon 
as that distance has acquired a sensible magnitude. 
The particles of matter are so small, that nothiiig 
is known of their form further than the disainii- 
larity of their different sides in certain cases, which 
appears from their reciprocal attractions during 
crystallization being more or less powjerful, acooxd- 
ing to the sides they present to one another. It 
is evident that the density of substances will 
depend upon the ratio which the opposing forces 
of cohesion and repulsion bear to one another. 

When particles of the same kind of matter are at 
such distances from each other, that the cohesion 
which retains them is insensible, the repulsive 
principle remains unbalanced, and the particles 
have a tendency to fly from one another, as in 
aeriform fluids. If the particles approach suffi- 
ciently near to produce equilibrium between the 
attractive and repulsive forces, but not near enough 
to admit of any influence from their form, perfect 
mobility will exist among them, resulting from the 
similarity of their attractions, and they will offer 
great resistance when compressed, properties which 
cAanicterize fluids, in w\n.c\i \Vie ie<^\i\sKs^ '^ffGEksv^^^ 
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is greater than in the gases. Wlien the distance 
between the particles is still less, solids are formed 
in consequence of the preponderating force of 
cohesion ; but the nature of their structure will 
ywrjy because, at such small distances, the power 
of the mutual attraction of the particles will depend 
upon their form, and will be modified by the sides 
they present to one another during their aggre- 
gation. 

All the phenomena of capillary attraction depend 
upon the cohesion of the particles of matter. If a 
f^BUB tube of extremely fine bore, such as a small 
thennometer-tube, be plunged into a cup of water 
or alcohol, the liquid will immediately rise in the 
tidie above the le^'el of that in the cup, and the 
rarfice of the little column thus suspended will be 
ooBCBfe. If the same tube be plunged into a cup 
fidl of mercury, the liquid will also rise in the 
tube, bat it wQI never attain the level of that in the ■ 
op, wnd its sur&ce will be convex. The elevation 
or dtpnsmkm of the same liquid in di£ferent tubes 
of tike snne matter is in the inverse ratio of their 
diameters, and altogether indqieudeut of 
Whence it follows that the mole- 
is insensible at sensible distances, and 
that it is only the thinnest possible film of the 
inerior sur&ce of the tubes that exerts a sensible 
an the liquid. So much indeed ia thoai 
tkg^ when tubes of the same bore m i 
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pletdy weftted with water 'dirai^lMut tlirir yAmlt 
e3rtent, mercury will Tite to tlw M&ie hnglit'in «H 
of thtm, w lmte vcar be their thicknen or iUamtfj 
because the minute coating of mcwfture ts a ui i ri a it 
to remove the internal column of mercury beyond 
the sphere of attraction of the tube, and to wiEpflf 
the place of a tube by its own capillary attmctMNi^ 
The fbarces whioh produce the capillary pimomeBa 
are the reciprocal attraction of the tube and die 
liquid, and of the liquid particles to one auotber ; 
and in order that the capillary colunm may be m 
equilibrio, the weight of that part of it whidi nia 
above or sinks below the level of the liquid in tte 
cup must balance these forces. 

The estimation of the action of the liquid is a difi- 
cult part of this problem. La Place, Dr. Young, and 
other mathematicianB, have considered the liquid 
within the tube to be of uniform density ; but Poia- 
son, in one of those masterly productions in which 
he duddatea the most abstruse subjects, has re- 
cently proved that the phenomena of cs^nllaij 
attraction depend upon a rapid decrease in the den- 
sity of the liquid column throughout an extrendy 
small space at its smface. Every indefinitely thin 
layer of a liquid is compressed by the liquid above 
it, and supported by that below; its degree of 
condensation depends upon the magnitude of the 
compressing force, and as this force decreasea 
rapidly towards the surface, where it vaniahoa, the 
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dtanty of tbe liquid decreases also. M. PoiBson has 
flfaowa that, when this force ifl omitted, the capil- 
laiy Burfaee becomes plane, and that the liquid in 
the tube will neither riae above nor sink below the 
lerel of that in the cup ; but, in estimating the 
ftroea, it is also necessary to include the variation 
k the density of the capillary surface round the 
edges, finim the attraction of the tube. 

The ttirection of the resulting force determines 
the cuiratare of the surface of the capillary column. 
In order that a liquid may be in equilibrio, the force 
remhing from all the forces acting upon it must be 
perpendicular to the surface. Now, it appears that, 
u glaaa is more dense than water or alcohol, the 
lenlting force will be inclined towards the interior 
«de of the tube, therefore the surface of the liquid 
mnst be more elevated next the sides of the tube 
than in the centre, in order to be perpendicular to 
it, BO that it will be concave, as in the thermometer. 
But as glass is less dense than mercury, the result- 
ing force wiU be inclined from the interior side of 
the tube, so that the surface of the capillary column 
most be man depressed next the sides of the tube 
than in the centre, in order to be perpendicular to 
it, and is consequently convex, as may be perceived 
in the mercury of the barometer when rising. The 
absorption of moisture by sponges, sugar, salt, &c., 
•re familiar examples of capillary attraction ; indeed 
the pores of sugar are so minute, that there seems 
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to be no limit to the ascent of the liquid. The phe- 
nomena arising from the force of cohesion are* 
innumerable : the spherical form of rain-drops and 
ithot, the rise of liquids between plane sur&ces, the 
difficulty of detaching a plate of glass from the sur- 
face of water, the force with which two plane sur- 
faces adhere when pressed together, — are all effects 
of cohesion, entirely independent of atmospheric 
pressure, and are included in the same analytical 
formulae, which express all the circumstances ac- 
curately, although the law according to which the 
forces of cohesion and repulsion vary is unknown,' 
except that they only extend to insensible distances. 
The difference between the forces of cohesion and 
repulsion is called molecular force, and, when mo- 
dified by the electrical state of the particles, is the 
general cause of chemical affinities, which only take 
place between particles of different kinds of matter, 
though not imder all circumstances. Two sub- 
stances may indeed be mixed, but they will not com- 
bine to form a third substance different from both, 
unless their com]K)nent particles unite in definite 
proportions. That is to say — one voliune of one of 
the substances will unite with one volume of the 
other, or with t^'o volumes, or with three, &c., so as 
to form a new substance, but in any other iirojior- 
tions it will only form a mixture of the two. For 
example, one volume of hydrogen gas will combine 
with eight vohunes of oxygen, and form water ; or 
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it irill unite with sixteen Tolumes of oxygen, and 
fDim dentoxide of hydrogen; hut added to any 
oflwr volume of oxygen, it will merely he a mixture 
<tf the two gases. This law of definite proportion, 
CBttblished hy Dalton of Manchester, heing uni- 
Tcnal, is one of the most important discoveries in 
physical science, and furnishes unhoped-for in- 
frnmation with regard to the minute and secret 
operations of nature in the ultimate particles of 
matter, whose relative weights are thus made 
known. It would appear also that matter is not 
infinitely divisihle, and Dr. Wollaston has shown 
tbt, in all probahility, the atmospheres of the 
nm and planets, as well as of the earth, consist 
of ultimate atoms, no longer divisible, and if so, 
Alt oar atmosphere will only extend to that point 
ikre the terrestrial attraction is balanced by the 
dnticity of the air. 

An substances may be compressed by a suffi- 
cient force, and are said to be more or less elastic 
accaiding to the feudhty with which they regain 
their volume when the pressure is removed, a pro- 
]wrty which depends upon the repulsive force of 
their particles. But the pressure may be so great 
u to bring the particles near enough to one ano- 
ther to come within the sphere of their cohesive 
force, and then an aSriform fluid may become a 
liquid, and a liquid a solid. Mr. Faraday has 

K 
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itduced some of tlie gaset to a liquid state by very 
great compresiion ; but, although atmoapheric air 
ia capable of a gxeat diminution of volume, it a^ 
waya Tetaina its gaseoua properties, which leauma 
their primitive volume the instant the pveaauxe i». 
latnoved, in censequence of the elasticity ogc»^ 
flifmed by the mutual repulsion of its partidea, 

SSCTION xvi. 

Tsx atmosphere is not homogeneous; it appeax* 
&am analysis that, of 100 parts, 79 are azotic gas,. 
and 31 oxygen, the great source of oombustioa 
and animal heat. Besides these, there are thre^ 
or four parts of carbonic acid gas in 1000 parts ef 
atmospheric air. These proportions are found t» 
be the same at all heights hitherto attained by 
man. The air is an elastic fluid, resisting pressure, 
in every direction, and is subject to the power of 
gravitation : for, as the space in the top of the 
tube of a barometer ia a vacuum, the column of 
mercury suspended by the pressure of the atmo*> 
x^ese on the surface of the cistern ia a measure. 
of its weight ; consequently, every variation in the 
density occasions a corresponding rise or fall in. 
the barometrical column. The pressure of the 
atmosphere ia about fifteen pounds on every square- 
inch, so that the surface of the whole globe sua* 
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taiiu a wd^bt of 11449000000 hundreds of 
BBillkmB of pounds. Shell-fish, which have the 
pcfver of producing a vacuuniy adhere to the rocks 
by a pressure of fifteen pounds upon every square 
inch of contact. 

Since the atmosphere is both elastic and heavy, 
its density necessarily diminishes in ascending 
above the sur&ce of the earth, for each stratum of 
air is compressed only by the weight above it; 
therefore the upper strata are less dense, because 
they are less compressed than those below them. 
Whence it is easy to show, supposing the tem- 
pevatuxe to be constant, that, if the heights above 
tlie earth be taken in increasing arithmetical pro- 
gvession, — that is, if they increase by equal quan* 
tHiies, as by a foot or a mile, the densities of the 
stntaof air, or the heights of the barometer, whidi 
are pn^rtional to them, will decrease in geome^ 
trical progression. For example, at the level of 
the sea, if the mean height of the barometer be 
29*922 inches, at the height of 18000 feet it will 
be 14*961 inches, or one-half as great; at the 
hdght of 36000 feet it will be one-fourth as great ; 
al 54000 feet it will be one-eighth, and so on, 
which affords a method of measuring the heights 
of mountains with considerable accuracy, and 
iNNdd be Tery simple if the decrease in the density 
of tha air w^sre ^xacdy according to the ig»iejc«&>% 

k2 
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law ; but it is modified by several circumstances, 
and chiefly by the changes of temperature, because 
heat dilates the air and cold contracts it, the varia- 
tion being ^i^j- for every degree of Fahrenheit's 
thermometer. Experience shows that the heat of 
the air decreases as the height above the surface 
of the earth increases ; and it appears, from recent 
investigations, that the mean temperature of space 
is 58*^ below the freezing point of Fahrenheit, 
which would probably be the temperature of the 
surface of the earth also, were- it not for the non- 
conducting power of the air, whence it is enabled 
to retain the. heat of the sun's rays, which the 
earth imbibes and radiates in all directions. 
The decrease in heat is very irregular, but jfitmi 
the mean of many observations, it appears to be 
about 14° or 15° for every 9843 feet, which is the 
cause of the severe cold and eternal snows on the 
summits of the Alpine chains. The expansion of 
the atmosphere ^m the heat of the sun occasions 
diurnal variations in the height of the barometer. 
Of the various methods of computing heights from 
barometrical measurements, that of Ivory has the 
advantage of combining accuracy "with the great- 
est simplicity. The most remarkable result of 
barometrical measurement was recently obtained 
by Baron Von Humboldt, showing that about 
eighteen thousand square leagues of the north- 
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west of Asia, including the Caspian Sea and the 
Lake of Aral, are more than three hundred and 
twenty feet helow the level of the surface of the 
ocean in a state of mean equilibrium. This enor- 
mous basin is similar to some of those large cavi- 
.ties on the surface of the moon, and is attributed, 
by Humboldt, to the upheaving of the surrounding' 
mountain-chains of the Himalaya, of Kuen-Lun, 
of Thian-Chan, to those of Armenia, of Erzerum, 
and of Caucasus, which, by undermining the 
country to so great an extent, caused it to settle 
below the usual level of the sea. The very con- 
templation of the destruction that would ensue 
from the bursting of any of those barriers which 
now shut out the sea is fearfid. In consequence 
of the diminished pressure of the atmosphere, 
water boils at a lower temperature on the moun- 
.tain-tops than in the valleys, which induced Fahr- 
enheit to propose this mode of observation as a 
method of ascertaining their heights ; but although 
an instrument was constructed for that purpose by 
Archdeacon WoUaston, it does not appear to have 
bieen much employed. 

The atmosphere, when in equilibrio, is an 
ellipsoid flattened at the poles from its rotation 
with the earth: in that state its strata are of 
uhifbrm density at equal heights above the level 
of the sea, and it is sensibly of finite extent^ whft- 
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tiier it coiiBists of particles infinitely divisiUe or 
not. On the latter hypothesis, it mnst really be 
finite, and even if its particles be infinitely -diyi- 
sible, it is known, by experience, to be of extreme 
tenuity at very small heights. The barometer 
rises in proportion to the snperineinnbent pressuro. 
At the level of the sea, in the latitude of 45^, and 
at the temperature of melting ice, the mean height 
of the barometer being 29*922 inches, the density 
of air is to the density of a similar volume of mer* 
cury, as 1 to 10477*9, consequently the height of 
the atmosphere, supposed to be of uniform density, 
would be about 4*95 miles ; but as the density de- 
creases upwards in geometrical progression, it ia 
considerably higher, probably about fifty miles. The 
air, even on the mountain-tops, is sufficiently raie 
to diminish the intensity of sound, to affect respira- 
tion, and to occasion a loss of muscular strength. 
The blood burst from the lips and ears of M. de 
Humboldt as he ascended the Andes, and he expe- 
rienced the same difficulty in kindling and main- 
taining a fire at great heights that Marco Polo, the 
Venetian, did on the mountains of Central Asia. 
At the height of thirty-seven miles, the atmos[^ere 
is still dense enough to reflect the rays of the mm 
when eighteen degrees below the horizon; and 
although at the height of fifty miles, the bursting 
of the meteor of 1783 was heard on earth like the 
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icport of a caimon, it only provea the immenraty 
«f tlie explosion of a mass, half a mile in diameter^ 
irfaich Goidd produce a sound capable of penetrat- 
.ing air three thousand times more rare than that 
we l»eathe; but even these heights are extremdy 
•amall when compared with the radius of the earth. 

The action of the sun and moon disturbs the 
-equilibrium of the atmosphere, producing oscilla- 
.tiona similar to those in the ocean, which ought to 
oocaaifm periodic variations in the heights of Uie 
barometer. These, however, are so extremely small, 
that their existence in latitudes far removed firom. 
■the equator is doubtful. M. Arago has lately been 
even led to conclude that the barometrical varia- 
tiooe corresponding to the phases of the moon aie 
lihe eflfects of some special cause, totally different 
from attraction, of which the nature and mode of 
action are unknown. La Place seems to think 
diat the flux and reflux distinguishable at Paris 
.may be occasioned by the rise and fall of the 
oeean, which forms a variable base to so great a 
portion of the atmosphere. 

The attraction of the sun and moon has no 
«euailde efiect on the trade winds ; the heat of the 
.aun occasions these aerial currents, by rarefying 
the air at the equator, which causes the cooler 
ftnd more dense part of the atmosphere to rush 
jaloQf the sur&ice of the earth to the equator^ 
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while that which is heated is carried along the 
higher strata to the poles, forming two counter 
currents in the direction of the meridian. Btft 
the rotatory velocity of the air, corresponding to 
its geographical position, decreases towards the 
poles ; in approaching the equator, it must ther&- 
fote revolve more slowly than the corresponding 
parts of the earth, and the hodies on the surface 
of the earth must strike against it with the excess 
of their velocity, and, hy its reaction, they will 
meet with a resistance contrary to their motion of 
rotation : so that the wind will appear, to a person 
supposing himself to he at rest, to hlow in a con- 
trary direction to the earth's rotation, or from east 
to west, which is the direction of the trade winds. 
The equator does not exactly coincide with the 
line which separates the trade winds north and 
south of it; that line of separation depends upon 
the total difierence of heat in the two hemispheres, 
arising from the unequal length of their summers, 
the distribution of land and water, and other 
causes. There are many proofs of the existence 
of a counter current above the trade winds. On 
the Peak of Tenerifie, the prevailing winds are from 
the west. The ashes of the volcano of St. Yin- 
cent's, in the year 1812, were carried to windward 
as far as the island of Barbadoes by the upper 
current. The captain of a Bristol ship declared 
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that, cm that occasion, dust from St. Vincent's fell 
to the depth of five inches on the deck at the dis- 
tmce of 500 miles to the eastward; and liirbt 
douds have frequently been seen moving rapidly 
from vest to east, at a very great heieht above the 
tnde vinds, which were sweeping alone the snr- 
face of the ocean in a contrary direction. 

SECTION' XVII. 

Without the atmosphere, death-like *i:-?ry!^ Tr'.nyi 
prevail through nature, for it, in c-rr-ir.-?. •■-.i %fl 
sabstanoes. has a tendencv lo LTir^rt -.■'-•-*r.-n!i 
to those in contact with it, th*T*::Vr» T.vt.-. jtr.*-."^.-! 
received by the air, whether :: Vt fr.c: i n-jrjfjn 
impulse, such as an t^xAr'^y-z,. it vj* ■: '..'.r^.i^n» •/ 
a musical chord, are yr^.y^si-Jii *r."j:t.> :i *-*r-' 
direction, and pr.d'ict :Lc *^-u-yn. c »-.»i:*rt itvn 
the auditorv nerves. Iz. 'Ir. k:^L, \:j'm.:u.' n* '/ 

m 

deep water in a c^lsi- 'jjk f.-jrVi rn -r .ii» .miui 
particles are made ii: liit -*r".'ji. :».i:ti* :ik:' « 
atrisht angles lo ti**: '-.Tf.-.j'i 'r -:'i» vv.'.'tjti ^^m 
of the waves; but liir T.'-.iru".i ••'.:» •.»' /»* ^.-./'i** 'f 
air which pr^^iw !».-v-j'. Vi-5*r -/»- !ir •./c'. r-.-^. 
in the same dir^jri-'-c n v -:/n 11** vv »» -r "^ ./* 
tiavd. The Tff^r..isn-*i'*L 't »• i- -i* r^.-- -^ . .-.- 
trated bv a ^'A ^.r v.i-! v. 
idnd; for h?^*r«r — '*rr' :v 
com mav KJEzi. -u. t '•a-^'i'-ft. 






•f. 
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found, if the intensity of the wind be ooisteilly 
that the waves are all precisely sunilar and eqjual, 
and that all are separated by equal intervals, and 
move in equal times. 

A sudden blast depresses each ear equally and 
cucceasivdy in the direction of the wind, but in 
consequence of the elasticity of the stalks and the 
force of the impulse, each ear not only rises again 
as soon as the pressure is removed, but bends 
back nearly as much in the contraiy direction, 
and then continues to oscillate backwards and 
forwards in equal times like a pendulum, to a lew 
and less extent, tiQ the resistance of the air puts r 
atop to the motion. These vibrations are the same 
for every individual ear of com ; yet as their oscil- 
lations do not all commence at the same time, but 
successively, the ears will have a variety of posi- 
tions at any one instant. Some of the advanciqg 
ears wiU meet others in their returning vibrations, 
and as the times of oscillation are equal for all, 
they will be crowded together at r^^ular intervals; 
between these, there will occur equal spaces where 
the ears will be few, in consequence of being bent 
in opposite directions; and at other equal inter- 
vals they will be in their natural upright positions ; 
80 that over the whole field there will be a rq^ilar 
series of condensations and rarefactions among the 
ears of com, separated by equal intervals where 
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they inll be in their natanl sut£ of QessESf. im 
CDDseqnenoe of theK chanees the fieid wiE he 
Buiced hj an alternation of hnghi and dnk 
bands. Thus the flucccssive waTe» which dr owa 



die com with tihe speed of the wind axe touiir 
diltinct from, and entirely iDdepcndem cL, ike 
extent of the oacillations of each indiTidnal ear, 
duragh both take place in the same dxiecdon. 
The length of a wave is equal to the space be- 
tween two ears precisely in the same state of 
motiony or which are moving similarly, and the 
tune of the vibration of each ear is equal to that 
which elapses between the arrival of two successive 
waves at the same point. The only difierenoe 
between the imdulations of a corn-field and thoae 
of the air which produce sound is, that each ear 
of com is set in motion by an external cause, and 
IB uninfluenced by the motion of the rest, whereas 
in air, which is a compressible and elastic fluid, 
when one particle begins to oscillate, it communi- 
cifces its vibrations to the surrounding particles, 
which transmit them to those adjacent, and so on 
continually. Hence, from the successive vibra- 
tions of the particles of air, the same regular con- 
denaations and rarefactions take place as in the 
field of com, producing waves tip 'Ki the 

whole mass of air, though each mob nch 

individual ear of con^^ 
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state of rest. The small waves of a liquid, anA 
the .undulations of the air, like waves in the com, 
are evidently not real masses moving in the diiec^ 
tion in which they are advancing, but merely 
outlines^ motions, or forms rushing along, and 
comprehending all the particles of an undulatiiig 
fluid, which are at once in a vibratory state. Or, 
in other words, an undulation is merely the conti- 
nued transmission in one direction of partidea 
bearing a relative position to one another. It is thna 
that an impulse given to any one point of the 
atmo8i)here is successively propagated in all direo 
tions, in waves diveipng as from the centre of a 
sphere to greater and greater distances, but with 
decreasing intensity, in consequence of the xii« 
creasing number of particles of inert matter which 
the force has to move ; like the waves formed in 
still water by a falling stone, which are propa- 
gated circularly all around the centre of disturb- 
ance. These successive spherical waves are only 
the repercussions of the condensations and motions 
of the first particles to which the impulse was given. 
The intensity of sound depends upon the vio- 
lence and extent of the initial vibrations of air, 
but wliatever they may be, each imdulation, when 
once formed, can only be transmitted straight 
forwards, and never returns back again unlem 
when reflected by an opposing obstaakL . . Tb 
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Vibrations of the atrial molecules are always 
extremely small, whereas the waves of sound vary 
from a few inches to several feet. The various 
Idnds of musical instruments, tlie human voice, 
and that of animals, tlie singing of hinls, the 
lium of insects, the roar of the cataract, the 
whistling of the wind, and the other nameless 
peculiarities of sound, at once show an infinite 
Tariety in the modes of aerial vihrations, and the 
astonishing acuteness and delicacy of the ear, thus 
capahle of appreciating the minutest difierenccs 
in the laws of molecular oscillation. 

Ail mere noises are occasioned hy irregular im- 
pulses communicated to the ear, and if tliey be 
short, sudden, and repeated beyond a certain de- 
gree of quickness, the ear loses the intervals of 
silence, and the sound appears continuous, because 
hke the eye, it retains the perception of excite- 
ment for a moment after the impulse has ceased. 
Or, in other words, the auditory nerves continue 
their vibrations for an extremely short period after 
the impulse, before they return to a state of repose. 
Still such sounds will be mere noise ; in order to 
produce a musical sound, the impulses, and, con- 
sequently, the undulations of the air, must be all 
exactly similar in duration and intensity, and must 
recur after exactly equal intervals of tune. The 
quality of a musical note depends U]faul\»ilBTO:^ 
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new, and its intensity upon the violence and ex* 
tent of the original impulse. But the whole theoij* 
of hannonics is founded upon the pitch whic^ 
varies with the rapidity of the vibrationg. Tho 
grave, or low tones are produced by very sloir 
vibrations, which increase in frequency progress 
sively, as the note becomes more acute. Wfaea 
the vibrations of a musical chord, for example, 
are less than sixteen in a second, it will not 
communicate a continued sound to the ear; the 
vibrations or pulses increase in number with the 
acutcncss of the note till, at last, all sense of pitch 
is lost. The whole extent of human hearing, 
from the lowest note of the organ to the highest 
known cry of insects, as of the cricket, includes 
about nine octaves. All ears, however, are by no 
means gifted with so great a range of hearing; 
many people, though not at all deaf, are quite 
insensible to the cry of the bat or the cricket, 
while to others it is painfully shrill. According^ 
to recent exjierimeuta by M. Savart, the human 
ear is capable of hearing sounds arising from 
about 24000 vibrations in a second, and is con- 
sequently able to appreciate a sound which only 
lasts the twenty-four thousandth part of a second. 
All people do not hear the deep sounds alike ; that 
hcvlty seems to depend upon the frequency of the 
vibrations^ and not on the intensity or loudness. 
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"Btt, tUwug^ theie are limits to the vibrations 

rffv andiiDrf nerves. Dr. Wollastoiiy who has 

ihHti^Med this curiotts subject with his usual 

tqpality^, observes, that ^' as there is nothing in 

fttBrtme of the atmosphere to prevent the exist- 

Ml ef vibmtions incomparably more frequent 

tlsi aay of which we are conscious, we may 

that animals, like the Grylli, whose 

appear to commence nearly where ours 

ij VMj have the faculty of hearing stitt 

aoonds which we do not know to exist, 

■1 that there may be other insects hearing no- 

Aaf IB common with us, but endowed with a 

|Hcr of exciting, and a sense which perceives 

Antiona of the same nature indeed as those 

conatitttte our ordinary sounds, but so re- 

that the animals who perceive them may be 

■tt to possess another sense agreeing with our 

•■a lolely in the medium by which it is excited.'* 

Ibe velocity of sound is uniform, and is inde- 

pnrirnr o£ the nature, extent, and intensity of the 

fmiitive disturbance. Consequently sounds, of 

fioy quality and pitch, travel with equal qieed; 

tk aaiallest difference in their velocity is incom- 

fStilile either with harmony or melody, for notea 

rf different pitches and intensities, sounded toge- 

tter at a little distap«* '^ould arrive at the ear 

m ^Bfierent times; succession of VS3^KM. 
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would produce confusion and discord. But as fHf \ 
rapidity with which sound is transmitted depaadl^ ' *; 
upon the elasticity of the medium throogh nUfe ' 
it has to pass, whatever tends to increaae Air :^ 
elasticity of the air must also accelerate the mel^ 
tion of sound; on that account its velocity If ' 
greater in warm than in cold weather, suppoaiqg 
the pressure of the atmosphere constant. In dif 
air, at the freezing temperature, sound trayeh it 
the rate of 1089 feet in a second, and at 69^ of 
Fahrenheit, its speed is 1090 feet in the same tiiAd|^ 
or 765 miles an hour, which is ahout three-foarte 
of the diumalvelocity of the earth's equator. Sintt^ 
all the phenomena of sound are simple conMM' 
quences of the physical properties of the air, they 
have been predicted and computed rigorously by tlie' 
laws of mechanics. It was found, however, that 
the velocity of sound, determined by observation, 
exceeded what it ought to have been theoretically 
by 113 feet, or about one-sixth of the whole 
amount. La Place suggested that this discrepancy 
might arise from the increased elasticity of the air, 
in consequence of a development of latent heat 
during the undulations of sound, and the result 
of calculation fully confirmed the accuracy of hia. 
views. The atrial molecules being suddenly com- 
pressed give out their latent heat, and as air is too 
bad a conductor to carry it rapidly off, it occasions 
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a momentary and local rise of temperatore, which 
increasing the consecutive expansion of the air, 
causes a still greater development of heat, and as 
it exceeds that which is ahsorbed in the next 
rarefaction, the air becomes yet wanner, which 
favours the transmission of sound. Analysis gives 
the true velocity of sound, in terms of the eleva- 
tion of temperature that a mass of air is capable 
of communicating to itself, by the disengagement 
of its own latent heat, when it is suddenly com- 
pressed in a given ratio. This change of tempe- 
rature, however, cannot be obtained directly by 
experiment; but by inverting the problem, and 
assuming the velocity of sound as given by expe- 
riment, it was computed that the temperature of a 
mass of air is raised nine-tenths of a degree when 
the compression is equal to ^-fj- ^^ ^^ volume. 

Probably all liquids are elastic, though consi- 
derable force is required to compress them. Water 
8u£fers a condensation of nearly 0*0000496 for 
every atmosphere of pressure, and is consequently 
capable of conveying sound even more rapidly 
than air, the velocity being 4708 feet in a second. 
A person under water hears sounds made in air 
feebly, but those produced in water very distinctly. 
According to the experiments of M. Colladon, the 
sound of a bell was. conveyed imder water through 
the Lake of Geneva to the distance of about Tk\n& 

1. 
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miles^ He also perceived that tbe prognn 4 
sound througb water is greatly impeded bf. Ap * 
interposition of any object, such as a prqjeelim 
wall ; consequently sound under water 
light, in having a distinct riiadow. It has 
less in air,, being transmitted all round buildagi^ 
or other obstacles, so as to be heard in 
direction^ though often with a considerable 
nution of intensity, as when a carriage tuna dhl 
comer of a street 

The velocity of sound, in passing through iQlid% 
is in proportion to their hardness, and is nnck 
greater than in air or water. A sound wUdi 
takes some time in travelling through tbe 
passes almost instantaneously along a vnre 
hundred feet long, consequently it is heard twice, — 
first as communicated by the wire, and aftep- 
waids through the medium of the air. The 
facility with which the vibrations of sound raar 
transmitted along the grain of a log of wooA 
is well known; indeed they pass through inm^ 
glass, and some kinds of wood at the rate of 
18530 feet in a second. The velocity of aomidb 
is obstructed by a variety of circumstances, mck 
as falling snow, fog, rain, or any other canae 
which disturbs the homogeneity of the mediunL 
through which it has to pass. Humboldt saji^ 
that it is on account of the greater homogeneity a£ 
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that extreme transparency of the air at night, 
which astronomers done fully appreciate, lenden 
it also more favourable to sound. There is no 
doubt, however, that the • universal and dead 
silence, generally prevalent at night, renders 
our auditory nerves sensible to impressions which 
would otherwise escape notice. The analogy be- 
tween sound and light is perfect in this as in so 
many other respects. In the general light of day 
the stars disappear. In the continual hum of 
voices, which is always going on by day, and 
which reach us from all quarters, and never leave 
the ear time to attain complete tranquillity, those 
feeble sounds which catch our attention at night 
make no impression. The ear, like the eye, re- 
quires long and perfect repose to attain its utmost 
sensibility." 

Many instances may be brought in proof of the 
strength and clearness with which sound passes 
over the surface of water or ice. Lieutenant 
Foster was able to carry on a conversation across 
Port Bowen harbour, when frozen, a distance g£ a 
mile and a half. 

The intensity of sound depends upon the extent 
of the excursions of the fluid molecules, on the 
energy of the transient condensations and dilatap- 
tions, and on the greater or less number of par- 
ticles which experience these effects; and we 
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Climate that intensity by the impetus of these 
fluid molecules on our organs, which is conse- 
quently as the square of the velocity, and not by 
their inertiay which is as the simple velocity; for 
were, the latter the case, there would be no sound, 
beoBUBe the inertia of the receding waves of air 
would destroy the equal and opposite inertia of 
thofle advancing, whence it may be concluded, 
that the intensity of sound diminishes in- 
versely as the square of the distance from its 
origin. In a tube, however, the force of sound 
does not decay as in open air, unless, perhaps, by 
fiiction against the sides. M. Biot found, from a 
number of highly-interesting experiments which 
be made on the pipes of the aqueducts in Paris, 
that a continued conversation could be carried on, 
in the lowest possible whisper, through a cylin- 
drical tube about 3120 feet long, the time of 
tnmsmission through that space being 2*79 se- 
conds. In most cases sound diverges in all 
directions; but a very elegant experiment of Dr. 
Young's shows that there are exceptions. When 
a. tuning-fork vibrates, its two branches alter- 
nately recede from and approach one another; 
eacli commtmicates its vibrations to the air, and 
a -musical note is the consequence. If the fork 
be held upright, about a foot from the ear, and 
turned round its axis while vibrating, at erer{ 




qiuater ravoHutkm liie Mnmd irill 
heudf while «t the intennediafce poniU it'! 
ilraif and dear. Tloa pfaenomBiKm ia 
to^ the air niahing between the two 
Ae fork when th^ reoede d&mn «De 
bdug aqueezed out when lihey jipproacivM 
in ane atate of motion in the directian ib^ 
foBPk TibirateB^ and in another -at nn^ 

It «ppeai« ^m theory as wdH as daAf 
lienoey that aoond ia capable of wfl eflt hw i 
•urfRcea, according to the same larwa as- 
Indeed any one who haa obaerved the 
Ae wairea fvom a wall on the aide «f « 
iBBiywideeaBaly acfter the paaaage 'Of a 
wffl have « perfect idea of the xefleotian of 
aoid of light. As every aubatanoe in naAwe ia: 
<ur leae elaatic, it may be agitated aceosdingAiitt 
own law, by the impulae of a maaa of 
air; but sedprocally, the auxfaoe by ita 
wall 'Conmnmicate ita undulotiona back agaim « 
the air. Sudi reflectiona produce echoa, 
■eriea of tibem may take place between 
noBe obatadeBy each will cauae an echo <af tht 
of^iaal Bound, growing fainter and fainter 41 it 
dies away; becauie Bound, like lights ia weakevi 
^ reflection. Should the reflecting auzftea ha 
concave towaida a person, the sound wfll 
towarda him with incieaaed intenaity^ which 
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be greater 4Btill if the Burface be Bpherical and 
coDcenteic with liim. UndulatioiiB of «ound di- 
verging from one focus of an elliptical shell con- 
ver^e in the other after reflection; consequently 
a Mnrad firom the one -will be heard in the other 
as if it were dose to the ear. The rolling noise 
of thnadBr lifts been attributed to reverberation 
between different clouds, which may possibly be 
the ctLwe to some degree ; but Sir John Herschel 
ia-cf Gfonioa, that an intensely prolonged peal is 
probably owing to a combination of sounds, be- 
oasaethe velocity of electricity being incomparably 
ffnmkx than that of sound, the thunder may be 
Mgaided as originating in every point of a flash of 
figfatoingat the same instant. The sound from the 
neaieat point will arrive first, and if the flash run in 
a dintet laae from a person, the noise will come later 
and later from the remote points of its path in a 
enotjuued roar. Should the direction of the flash 
be inclined, the succession of sounds will be more 
npid and intense, and if the lightning describe 
a encular curve round a person, the sound will 
aniwe from every point at the same instant with 
a Btunning crash. In like manner, the subterra- 
Boacn noises heard during earthquakes, like distant 
thmidar, may arise from the consecutive arrival 
St ike ear of undulations propagated at the same 
■stent fiom nearer and more remote poiata; qi> 
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if they originate in the same point, the sound 
may come by different routes through strata of 
different densities. 

Soimds under water are heard very distinctly in 
the air immediately above, but the intensity decays 
with great rapidity as the observer goes farther 
off, and is altogether inaudible at the distance of 
two or three hundred yards: so that waves of 
sound, like those of light, in passing from a dense 
to a rare medium, are not only refracted but sufier 
total reflection at very oblique incidences. 

The laws of interference extend also to sound. 
It is clear that two equal and similar musical 
strings will be in unison if they communicate the 
same number of vibrations to the air in the same 
lime. But if two such strings be so nearly in 
Amison that one performs a hundred vibrations in 
fit second, and the other a hundred and one in the 
same period, — during the first few vibrations, the 
two resulting sounds will combine to form one of 
double the intensity of either, because the aerial 
waves will sensibly coincide in time and place, 
but the one will gradually gain on the other, till, at 
the fiftieth vibration, it will be half an oscillation 
in advance ; then the waves of air which produce 
the sound being sensibly equal, but the receding 
part of the one coinciding with the advancing part 
q{ the other, they will destroy one- another, and 
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the body. Tkese osciUatioin are communicated 
to ihsi air, and on accoont of its elasticity they 
excite alternate condensations and dilatations in 
the vtrata of the fluid nearest to the Tibrating 
body : from thence they are propagated to a dis- 
tanoe. A string or wire stretched between twe 
pins, when drawn aside and suddenly let go, will 
▼ibrate till its own rigidity and the resistance of 
the air reduce it to rest. These oscillations may 
be rotatory, in every plane, or confined to one 
plane, according as the motion is communicated. 
In the piano-forte, where the strings are struck 
by a hammer at one extremity, the vibrations pro- 
bably consist of a bulge running to and fro from 
end to end. The vibrations of sonorous bodies, 
however, are compound. Suppose a vibrating string 
to give the lowest C of the piano-forte, which is the 
fundamental note of the string ; if it be lightly 
touched exactly in the middle, so as to retain that 
point at rest, each half will then vibrate twice as 
fast as the whole, but in opposite directions ; the 
ventral or bulging segments will be alternately 
above and below the natural position of the string, 
and the resulting note will be the octave above C. 
When a point at a third of the length of the 
string is kept at rest, the vibration will be three 
times as fast as those of the whole string, and will 
givt the twelfth above C. When the point of rest 
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■ one-lburth of the whole, the oBciUations will be 
far timeB as hat as those of the fundamental note, 
ndwin give the double octave, and so on. Now, if 
fle whole string vibrate freely, a good ear will not 
■(jrhear the fundamental note, but will detect 
lUlhe others sounding along with it, though with 
bi and less intensity as the pitch becomes higher. 
Ikie acute sounds, being connected with the 
fimdamental note by the laws of harmony, are 
afled its haimonics. It is clear, from what has 
ken stated, that the string thus vibrating freely 
QRdd not give all these harmonics at once, unless 
it divided itself spontaneously at its aliquot parts 
■to segments in opposite states of vibration, 
i^Bzated by points actually at rest. In proof of 
Us, pieces of paper placed on the string at the 
hilf^ third, fourth, and other aliquot points, will 
KDiain on it during its vibration, but will instantly 
% eff from any of the intermediate points. Thus, 
aeooiding to the law of co-existing unduladons, 
the whole string and each of its aliquot parts are 
in different and independent states of vibration at 
the same time ; and as all the resulting notes are 
heard simultaneously, not only the air, but the ear 
also, vibrates in unison with each at the same 
instant. The points of rest, called the nodal points 
rf the string, are a mere consequence of the law of 
iBtexfeisnoes. For if a rope fastened «iX qii& ^x^ 
ie moved to and fro at the other extremVt^, ^ %& 
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to transmit a succession of equal waves along i^ . 
they will be successively reflected when they arriflS 
at the other end of the rope by the fixed point, nif 
in returning they will occasionally interfere wiill 
the advancing waves; and as these opposite undil^ . 
lations will at certain points destroy one anoUiA^j 
the point of the rope in which this happens iriB . 
remain at rest. Thus a series of nodes and venj^^ 
tral segments will be produced, whose number will 
depend upon the tension and the frequency of tht 
alternate motions communicated to the moveabb 
end. So, when a string fixed at both ends is pot 
in motion by a sudden blow at any point of it, the 
primitive impulse divides itself into two pnlsai 
running opposite ways, which are each totally 
reflected at the extremities, and, running badt 
again along the whole length, are again reflected 
at the other ends ; and thus they will continue to 
nm backwards and forwards, crossing one another 
at each traverse, and occasionally interfering so as 
to produce nodes ; so that the motion of a string 
fastened at both ends consists of a wave or pulse, 
continually doubled back on itself by reflection at 
the fixed extremities. 

A blast of air passing over the open end of a 
tube, as over the reeds in Pan's pii)e8 ; over a hole 
in one side, as in the flute ; or through the aper- 
ture called a reed, with a flexible ton^e, as in the 
clarinet, puts the inteina\ coYvsioft. oi «a Sas&ft 
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longitudinal vibrations by the alternate condensa- 
tiona and rarefactions of its particles; at the same 
time the colunm spontaneously divides itself into 
nodes, between which the air also vibrates longi- 
tudinally, but with a rapidity proportional to the 
number of divisions, giving the fundamental note 
8ud all its harmonics. The nodes are produced 
on the principle of interferences, by the reflection 
of the longitudinal undulations, at the closed end 
or ends of the pipe, as in the musical string, only 
that in the one case the undulations are longitu- 
dinal, and in the other transverse. Glass and 
metallic rods, when struck at one end, or rubbed 
in* the direction of their length with a wet finger, 
vibrate longitudinally, like a column of air, by the 
alternate condensation and expansion of their 
constituent particles, which produces a clear and 
beautiful musical note of a high pitch, on accoimt 
of the rapidity with which these substuices trans- 
mit sound. Rods, surfaces, and in general all 
undulating bodies, resolve themselves into nodes ; 
but in surfaces, the parts which remain at rest 
during their vibrations are lines, which are curved 
or plane according to the substance, its form, and 
the mode of vibration. If a little fine dry sand be 
strewed over the surface of a plate of glass or 
metal, ground smooth at the e^es, and if undu-« 
lAtions be excited by drawing the bow of «.n\^\\sv 
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across its edge, it will emit a musical Boand^ and 
the sand will immediately arrange itself in iHm 
nodal lines, where alone it will accomnlate wad 
remain at rest, because the segments of the wap' 
face on each side will be in different states of 
vibration, the one being always elevated whOe the 
other is depressed, and as these two motions meet 
in the nodal lines, they neutralize one another. 
These lines vary in form and position with the 
part where the bow is drawn across, and the 
])oint by which the plate is held being at rest, 
must necessarily be in a nodal line ; the smallest 
variation in the pitch changes the nodal lines. A 
sound may thus be detected though inaudible. 
The motion of the sand shows in what direction 
the vibrations take place : if they be perpendicular 
to the siurface, the sand will be violently tossed 
up and down, till it finds the points of rest; if 
they be tangential, the sand will only creep along 
the surface to the nodal lines. Sometimes the 
undulations are oblique, or compounded of both 
the preceding. The air of a room, when thrown 
into undulations by the continued sound of an 
organ-pipe, or any other means, divides itself into 
masses separated by nodal curves of double curva- 
ture, such as spirals, on each side of which the 
air is in opposite states of vibration. 
All solids which ring when struck^ as bells. 
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drinldng-gliiTij gongs, &c. hare their shape 

momentanlT and foiciblT chanzed br the hLm. 

and 6om their dbsticitr, or tendencr to reazDe 

their natural fimn, a aeries c<t andixlaucfm take 

gilaoe, oiving to the alternate cjndenszzisms and 

lare&ctians of the particles of solid matter. Tbett 

kave also their haimonic tones, and, conseqaeatir, 

Bodek Indeed generally when a risid srsieni of 

any finm whatever vLbiates either transvezselj tt 

longitudinally, it divides itself iuto a certain miz.- 

her of parts, which perfoim their vihraiLns vitc.- 

out diatorbing one another. These pans are at 

every instant in alternate states of undul&rlon, 

and as the points or lines where they join partake 

of both, they remain at rest because the opposing 

motions destrov one another. 

All bodies have a tendency to impart tlvir 
imdnlatHWiB both to the air and to subaiaQcea in 
contact with them. A musical string gives a verr 
fteUe sound when vibrating alone, on account of 
the small quantity of air set in motion ; but when 
attached to a sounding-board, as in the harp and 
pLsno-forte, it communicates its undulati/jna to 
that surface, and from thence to even- jiart of the 
instrument, bo that the whole system vibratca 
iiochronously, and by exposing an extensive undu- 
lating surface, which transmits its undulatiorji to 
a gzeat mass of air, the sound is much Ttui£iiic«4. 
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It is evident that the sounding-board and tltt 
whole instrument are agitated at once by all dMi 
superposed vibrations excited by the simultaneeoi 
or consecutive notes that are sounded, each havhig 
its perfect effect independently of the rest. Tbtt 
air, notsvithstanding its rarity, is capable tf 
transmitting its undulations when in contact wilii 
a body susceptible of admitting and exciting iheoi 
It is thus that sympathetic undulations are exdtfli 
by a body vibrating near insulated tended string^ 
capable of following its undulations, either tfjf 
vibrating entire, or by separating themselves isli 
their harmonic divisions. When a tuning-fixk 
receives a blow, and is made to rest upon a pianos 
forte, during its vibration every string which, eithflP 
by its natural length, or by its spontaneous sub* 
divisions, is capable of executing correspondkig 
vibrations, responds in a sympathetic note. Somif 
one or other of the notes of an organ are general^ 
in unison with one of the panes, or with the wbolo 
sash of a window, which consequently resound 
when these notes are sounded. A peal of thundet 
has frequently the same effect. The sound d 
very large organ-pipes is generally inaudible tiD 
the air be set in motion by the undulations ol 
some of the superior accords, and then its sound 
becomes extremely energetic. Recurring vifan- 
tions occasionally influence each other's periodit 
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Fcxr example: two adjacent organ-pipes, nearly 
in unison, may force themselves into concord, and 
two clocks, whose rates differed considerably when 
■eparate, have been known to beat together when 
fixed to the same wall. 

Eveiy one is aware of the reinforcement of 
aoimd by the resonance of cavities. When sing- 
ing or speaking near the aperture of a wide- 
monthed vessel, the intensity of some one note 
in miison with the air in the cavity is often 
augmented to a great degree. Any vessel will 
leaound if a body vibrating the natural note 
of the cavity be placed opposite to its orifice, 
and be large enough to cover it; or, at least, 
to set a large portion of the adjacent air in mo- 
tion. For the sound will be alternately re- 
flected by the bottom of the cavity and the undu- 
lating body at its mouth. The first impulse of 
Ae iiTidiiUting substance wiU be reflected by the 
bottom of the cavity, and then by the undulating 
body, in time to combine with the second new 
impulse ; this reinforced sound will also be twice 
reflected in time to conspire with the third new 
impulse ; and as the same process will be repeated 
ou every new impulse, each will combine with all 
ita ecbos to reinforce the sound prodigiously. 

Several attempts have been made to imitate the 
articulation of the letters of the alphabet. About 



fht ytvt 1119, MM. KntMnilHb^ ^aL9m 

tMBgh, 'Slid KempdeHy- of TWHMy 

vtrameBte which aiticaktBd maagr letta%l 

luA even ventenoes ; Mr« Wifiii^ «f 

has recently adapted cyliniitiQal l uhe i 

y/rhtmt length can be varied «t yluai—i 

jebfts. TTpon ^bmvnng out tiia tnbe^; 

Ittttd of air from the hdUowa of ton 

ittg dmyugh k, idie vowcAa are 

livleri, e, «^ o, u-; on extendkig thb tah%<i 

•epeated, 'after a certain interval, m 

«ider UyOyOy Byi; after another inl 

■gain obtained in the direot ordei^: 

When »tbe pitch of the reed ia veq^ 

fiiqxM»ible to Bound some of the vowria, 

an perfect correspondence with the hunaa 

fi&nale 'ringerB being unable to pronotmoe 

an their high notes. From the singular 

idf M. Savart, on the nature of the 

«ad the investigations of Mr. Willis on 

chaniign of the larynx, it may be 

lihimately the utterance or pronunciation 4ilp#l|i 

4dsm hmgnages will -be conveyed, not aakft 

eye, but also to the ear, of posterity. 

andents ^MMsessed the means of tranamil 

definite sounds, the civilized worid 

ihave {responded in t^ympathetic notn it 

taioe of thundreds 'Hi ages. . . r,jjifut 



164 



CONNEXION OF THE 



air is greatest at the earth's surface 
nishes upwards. 

A ray of light from a celestial object j 
obliquely on this variable atmosphere^ 
being refracted at once from its course, 
dually more and more bent during its 
through it, so as to move in a vertical curv] 
in the same manner as if the atmosphere C] 
of an infinite number of strata of diflfereii' 
ties. The object is seen in the direction o j 
gent to that part of the curve which meets 
consequently the apparent altitude of the 
bodies is always greater than their true 
Owing to this circumstance, the stan 
above the horizon after they are set, and 
is lengthened from a part of the sun bein: 
though he really is behind the rotundit 
earth. It would be easy to determine the 
of a ray of light throrgh the atmospher^ 
law of the density were known; but as th< 
perpetually varying with the temperature, t 
is very complicated. When rays pass per] 
larly from one medium into another, tbey 
bent ; and experience shows, that in the ae 
face, though the sines of the angles of u 
and refraction retain the same ratio, the k 
increases with the obliquity of incidence, 
it appears, from what precedes, that the le' 
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is greatest at the liorizon, and at the zenith there 
is none ; but it is proved that at all heights above 
ten d^ees, refraction varies nearly as the tangent 
of the angular distance of the object from the 
zenith, and wholly depends upon the heights of 
the barometer and thermometer ; for the quantity 
of refraction at the same distance from the zenith, 
yaries nearly as the height of the barometer, the. 
temperature being constant ; and the effect of the 
yariation of temperature is to diminish the quan- 
tity of refraction by about its 480th part for every 
degree in the rise of Fahrenheit's thermometer. 
Not much reliance can be placed on celestial 
observations within less than ten or twelve degrees 
of the horizon, on account of irregular variations 
in the density of the air near the surface of the- 
earth, which are sometimes the cause of very 
singular phenomena. The humidity of the air pro- 
duces no sensible effect on its refractive power. 

Bodies, whether luminous or not, are only 
visible by the rays which proceed from them ; and 
as the rays must pass through strata of different 
densities in coming to us, it follows that, with the 
exception of stars in the zenith, no object either in or 
beyond our atmosphere is seen in its true place ; but 
the deviation is so small in ordinary cases, that it 
causes no inconvenience, though in astronomical 
and trigonometrical observations a dw^ T)XW7;^xk<:^ 
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must be made for the effects of refractioD. Dr# 
Bradley's tables of refraction were formed by db^ 
serving the zenith distances of the sun at Ui 
greatest declinations, and the zenith distances df 
the pole-star above and below the pole ; the 
of these fonr quantities is equal to 180^,dH 
by the sum of the four refractions ; whence the 
of the four refractions was obtained; and £mbi 
the law of the variation of refraction detemuDei 
by theory, he assigned the quantity due to etuA 
altitude. The mean horizontal refraction is abolK 
35' 6", and at the height of forty-five degrees h il 
58''*36. The effect of refraction upon the samoiS 
star above and below the pole was noticed hj 
Alhazen, a Saracen astronomer of Spain, in tho 
ninth century; but its existence was known to 
Ptolemy in the second, though he was ignorant of 
its quantity. 

The refraction of a terrestrial object is esti- 
mated differently from that of a celestial body ; it 
is measured by the angle contained between the 
tangent to the curvilineal path of the ray, where 
it meets the eye, and the straight line joining the 
eye and the object. Near the earth's surface the 
path of the rny may be supposed to be circular; 
and the angle of this path between tangents at the 
two extremities of this arc is called the horizontal 
angle. The quantity oi leTte%XTv«\. xisfewi^iaw is ob- 
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eity of the air, occasioned by a heavy shower after . 
a very long course of dry and hot weather. Single 
and double images of objects at sea, arising ftmD. 
sudden changes of temperature, which are not lo 
soon communicated to the water on account of 
its density as to the air, occur more rarely, and 
are of shorter duration than similar appeannoeB 
on land. In 1818, Captain Scoresby, whose ob- 
servations on the phenomena of the polar seas an 
80 valuable, recognised his father's ship by its in* 
verted image in the air, although the vessel itielf 
was below the horizon. He afterwards found that 
she was seventeen miles beyond the horizon, and 
thirty miles distant. Two images are sometimei 
seen suspended in the air over a ship, one direct 
and the other inverted, with their topmasts or 
their hulls meeting, according as the inverted 
image is above or below the direct image. Dr. 
Wollaston has proved that these appearances are 
owing to the refraction of the rays through media 
of difierent densities, by the very simple experi* 
ment of looking along a red hot poker at a distant 
object. Two images are seen, one direct and 
another inverted, in consequence of the change 
induced by the heat in the density of the adjacent 
air. He produced the same effect by a saline or 
saccharine solution with water and spirit of wine 
floating upon it. 
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Many of the phenomena that have been ascribed 
to eztraordinaTy lefraction seem to be occasioned 
hj a partial or total reflection of the rays of light 
at the'sur&ces of strata of different densities. It 
is well known that when light falls obliquely upon 
the external surface of a transparent medium, aa 
on a plate of glass, or stratum of air, one portion 
is reflected and the other transmitted, but when 
light fisdls very obliquely upon the internal sur* 
fiuse, the whole is reflected and not a ray is trans- 
mitted; in all cases the angles made by the inci- 
dent and reflected rays with a perpendicular U> 
the surface being equal. As the brightness of th& 
reflected image depends on the quantity of light,, 
those arising from total reflection must be by far 
the most vivid. The delusive appearance of water^ 
so well known to African travellers, and to the 
Arab of the desert, as the Lake of the Gazelles^ 
is ascribed to the reflection which takes place 
between strata of air of different densities, owing. 
to radiation of heat from the arid sandy plains. 
The mirage described by Captaiu Mundy, in his^ 
Journal of a Tour in India, probably arises from 
this cause. * A deep precipitous valley below us,, 
at the bottom of which I had seen one or two 
miserable villages in the morning, bore in the 
evening a complete resemblance to a beautiful 
lake; the vapour^ which played the pail oi ^^\fcx, 
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aseendiEig nearly half wbj up tihe mdam cf Ae 
vale, and on its bri^t surlace trees asii isdb 
IseiBg distinetly reflecte^l. I IacL net bcm fcmf 
cmitemplatmg the phenomenoo, l^efeie » wrffcii 
storm came on and dropped a cnrtan of clodb 
over the scene.* 

An occurrence which happened on the 19tik if 
November, 1804, was probably piodtieed b^iello* 
tien. Dr. Buchan, while watching the nring wm 
fren tiie diff about a mile to the east of Brighte% 
at the instant the solar disc emerged from the wm^ 
fiice of the ocean, saw the cliff on which he mm 
standing, a wind-mill, his own figure and tiiat el 
a friend, depicted immediately oppodte to him ea 
the sea. This appearance lasted about ten mi* 
nntes, till the sun had risen nearly his own di»- 
meter above the surfece of the waves. The wboI» 
then seemed to be elevated into the air and sue- 
cessively vanished. The rays of the sun fell upoa 
the cliff at an incidence of 73^ from the perpeiH 
dicular, and the sea was covered with a dense fog 
many yards in height, which gradually recedM 
before the rising sun. When extraordinary re* 
fraction takes place laterally, the strata of variable 
density are perpendicular to the horizon, and when 
it is combined with vertical refraction, the objects 
are magnified as if seen through a telescope. 
From this cause, on the 26th of July, 1T98» the 
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air adorns nature with the rosy and golden Imei 
of the Aurora, and twilight. Even when the mm it 
eighteen degrees below the horizon, a suffident 
portion of light remains to show that, at the bdg^ 
of thirty miles, it is still dense enough to reflect 
light. The atmosphere scatters the sun's Ta}% 
and gives all the beautiful tints and cbeerfulnoi 
of day. It transmits the blue light in greateit 
abundance; the higher we ascend, the sky ai- 
fiiunes a deeper hue, but in the expanse of spaee^ 
the sun and stars must appear like brilliant specki 
in profound blackness. 

SECTION XX. 

It is impossible thus to trace the path of a sun- 
beam through our atmosphere without feeling a 
desire to know its nature, by what power it tra- 
verses the immensity of space, and the varioui 
modifications it undergoes at the surfaces and the 
interior of terrestrial substances. 

Sir Isaac Newton proved the compound nature 
of white light, as emitted from the sun, by pass- 
ing a sunbeam through a glass prism, which, 
separating the rays by refraction, formed a spec- 
trum or oblong image of the sun, consisting of 
seven colours, red, orange, yellow, green, blue, 
indigo, and violet; of which the red is the least 
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lefirangible, and the violet the most; but when 
be reunited these seven rays by means of a lens^ 
the compound beam became pure white as before. 
He insulated each coloured ray, and finding that 
it was no longer capable of decomposition by re- 
fraction, concluded that white light consists of 
seven kinds of homogeneous light, and that to the 
same colour the same refrangibility ever belongs, 
and to the same refrangibility the same colour. 
Since the discovery of absorbent media, however, 
it appears that this is not the constitution of the 
solar spectrum. 

We know of no substance that is either per- 
fectly opaque or perfectly transparent; for even 
gold may be beaten so thin as to be pervious to 
light; and, on the contrary, the clearest crystal, 
the purest air or water, stop or absorb its rays 
when transmitted, and gradually extinguish them 
MM they penetrate to greater depths. On this 
account, objects cannot be seen at the bottom of 
very deep water, and many more stars are visible 
to the naked eye from the tops of mountains than 
from the valleys. The quantity of light that is 
incident on any transparent substance is always 
greater than the sum of the reflected and refracted 
raja. A small quantity is irregularly reflected in 
all directions by the imperfections of the polish 
by which we are enabled to see the surface; but 
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a smdiL greater pardon is absorbed by the body. 
JBo^ec thttt reflect all tbe rays appear white; 
iJioae tbat absorb them all seem black ; but mont 
substftBces, after decomposing the white hf^ 
which falls upon them, reflect some colours and 
Absorb the reat. A violet reflects the violet raj» 
alone, and absorbs the others ; scaiiet cloth absosbs 
ahraoet all the colours except red; yellow cialh. 
jeeAects the yellow rays most abundantly, and blue 
dodi those that are blue.; consequently colour is 
mat a praperty of matter, but arises from the 
action of matter upon light. Thus a white ribhcm 
reflects all the rays, but when dyed red, the par- 
tkles of die silk acquire the property of reflacting 
tSie red rays most abundantly and uf abaorbiiig 
the others. Upon this property of unequal 
absorption, the colours of transparent media de- 
pend; for they also receive their colour from their 
^poiwer of stopping or absorbing some of the ccioui^ 
•of wlute light and transmitting others; as, for 
example, black and red ink, though equally ixh- 
mogeneous, absorb different kinds of rays; land 
when exposed to the sun, they become heated in 
■diflferent degrees, while pure water aeems to tniMH 
2nit all rays equally, and is not sensibly iheeted ibgr 
the .passing light of the sun. The rich dark iig^t 
tranamitted by a -smalt-blue ^ngor-glass is 'HOt 41 
'homogeneoas colour, like the blue or iiidifDcf tbe 
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but is a mixture of all the ooIohtb of 
light wliicli the glass has not absorbed ; aaad 
the tdatoB absorbed are such as, mixed urith the 
lliie tint, would form white light When the 
a pecUum of seven colouns is viewed through a 
^hin plate of this glass, they are all visible ; and 
wten the plate is very thick, every colour is 
abaeibed between the extreme red and the ex- 
taeme violet, the interval being perfectly black. 
But if the spectrum be viewed through a certain 
Ijhidmess of the glass intermediate between the 
tipo, it will be found that the middle of the red 
iqpace, the wbde of the orange, a great part of the 
Kfeen, a considerable part of the blue, a litde of 
"die indigo, and a very little of the violet, vanish, 
fcemg absorbed by the blue glass ; and that the 
yaUow rays occupy a larger space, covering part 
«f that formerly occupied by the orange on one 
«idci, and by the green on the other; so that the 
Uoe glass absorbs the red light, which, when 
with the yellow, constitutes orange; .and 
absorbs the blue light, which when mixed 
'wkh the yellow fiorms the patt of the green 
^pace next to the yellow. Henoe, by absorption, 
.green light k decomposed into yellow and bhie, 
•and omige light into yellow and .red. 'Cknue- 
«%iMi^*the orange and green rays, though inca- 
pable of deeomposition by refraction, can be 
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reBolved* by absorption, and actually cdunat on 
two different colours possessing the same degm 
of refrangibility. Difference of colour, therefore 
is not a test of difference of refrangibility, and tin 
conclusion deduced by Newton is no longer ad* 
missible as a general truth. By this analysii ol 
the spectrum, not only with blue glass but with i 
variety of coloured media. Sir David Brewster, sc 
justly celebrated for his optical discoveries, hu 
proved, that the solar spectrum consists of thiec 
primary colours, red, yellow, and blue, each d 
which exists throughout its whole extent, but witl 
different degrees of intensity in different parti; 
and that the superposition of these three produca 
all the seven hues according as each primary coloui 
is in excess or defect. Since a certain portion oJ 
red, yellow, and blue rays constitute white light, 
the colour of any point of the spectrum may be 
considered as consisting of the predominating co- 
lour at that point mixed with white light ; conie- 
( uently, by absorbing the excess of any colour at 
any point of the spectrum above what is necessary 
to form white light, such white light will appeal 
at that point as never mortal eye looked upon 
before this experiment, since it possesses the re- 
markable property of remaining the same after 
any number of refractions, and of being capable 
of decomposition by absorption alone. 
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When the prism is very perfect and the sun- 
beam small^ so that the spectrum may be received 
an a sheet of white paper in its utmost state of 
purity, it presents the appearance of a riband 
shaded vith all the prismatic colours, having its 
breadth irregularly striped or subdinded by an 
indefinite number of dark and sometimes black 
lines. The greater number of these rayless lines 
are so extremely narrow that it is impossible to 
see them in ordinary circumstances. The best 
method is to receive the spectrum on the object- 
g^bsB of a telescope, so as to magnify them suffi- 
ciently to render them visible. This experiment 
may also be made, but in an imperfect manner, 
liy viewing a narrow slit between two nearly-closed 
vindow-shutters through a very excellent glass 
piam held close to the eye, with its refiracting 
angle parallel to the line of light. When the 
tpectnim is formed by the sun's rays, either direct 
or indirect, — as from the sky, clouds, rainbow, 
moon, or planets, — the black bands are always 
bond to be in the same parts of the spectrum, 
md under all circumstances to maintain the same 
relative positions, breadths, and intensities. Simi- 
lar dark lines are also seen in the light of the 
itaiB, in the electric light, and in the flame of 
canbustible substances, though differently ar- 
ranged, each star and each flame having a system 

N 
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«f dark lines peculiar to itself, which renniiu the 
same under every circumstance. Dr. WoUastm 
and Fraunhofer of Munich discovered these fines 
deficient of rays independently of each otber. 
Ftaunhofer found that their number extendh ts 
nearly six hundred. From these he selected seven 
of the most remarkable, and determined tSKff 
distances so accurately, that they now form stsn^ 
ard and invariable points of reference for measur- 
ing the refractive powers of different media on & 
rays of light, which renders this department of 
optics as exact as any of the physical scienoefc 
The rays that are wanting in the solar spectrum, 
which occasion the dark lines, are possibly ab- 
sorbed by the atmosphere of the sun. If thsy 
were absorbed by the earth's atmosphere, the very 
same rays would be wanting in the spectra from 
the light of the fixed stars, which is not the cas^ 
for it has already been stated that the position of 
the dark lines is not the same in spectra from 
star-light and from the light of the sun. The 
solar rays reflected from the moon and planets 
would most likely be modified also by their atmo- 
spheres, but they are not, — for the dark lines have 
precisely the same positions in the spectra, from 
the direct and reflected light of the sun. 

A perfectly homogeneous coloiu* is very rarely 
to be found, but the tints of all substances axe 
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briUitiit wlwh viewed in light of their <Mm 
The led of a wafer is much more viTfiA in 
rA timi in iHote light; whereas, if j^aced in 
Iwnpoge n ecnia yeUvw light, it can no longer appear 
ndybeeawe theze ia not a ray of red in the yellow 
li^; and were it not that the wafer, like all 
•Aer bodiei^ whether coloured or not, reflects 
while light at its outer surface, it would appear 
shsphitely black when placed in yellow light. 

tdm looking steadily for a short time at a 
Mknaied object, such as a red wafer, on turning 
Ihi ey«e to a white substance, a green image of 
Ae wafer will appear, which is called the acci-» 
fatal colour of red. All tints have their accidental 
edoara : — thus the accidental coloiu* of orange in 
Um ; that of yellow is indigo ; of green, reddish- 
nkfetB ; of blue, orange-red ; of violet, yellow ; 
mA of white, black ; and vice versd. When the 
ftnet and accidental colours are of the same in- 
tmnty, the accidental is then called the comple- 
■entary colour, because any two colours are said 
Ik be eomplementary to one another which produce 
ivliite when combined. 

Keeent experiments by Plateau of Brussefa 
prove that direct and accidental colours differ 
essentially. From these it appears that two com- 
plementary colours from direct impression, which 
would produce wlute when combmed, y^q^xsisx. 
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black, or extinguiBb one anotber by tbeir union, 
wben accidental ; and also tbat tbe combination 
of all the tints of tbe solar spectrum produces 
wbite light if they be from a direct impression on 
the eye, whereas blackness results from a union 
of tbe same tints if they be accidental. M. Pla« 
teau attributes the phenomena of accidental colours 
to a reaction of the retina after being excited by 
direct vision. When the image of an object ii 
impressed on tbe retina only for a few moments, 
tbe picture left is exactly of the same colour with 
the object, but in an extremely short time the 
picture is succeeded by the accidental image. If 
the prevailing impression be a very strong white 
light, its accidental image is not black, but a va- 
riety of colours in succession. With a little atten- 
tion it will generally be found that, whenever the 
eye is affected by one prevailing colour, it sees at 
the same time the accidental colour, in the same 
manner as in music the ear is sensible at once to 
the fundamental note and its harmonic sounds* 
The imagination has a powerful influence on our 
optical impressions, and has been known to revive 
the images of highly luminous objects months and 
even years afterwards. 



PHYSICAL 8CIBNCS8. 181 



SECTION XXI. 

NsWTON and most of his immediate successon 
imagined light to be a material substance emitted 
bjr all self-luminous bodies in extremely minute 
partkles, moving in straight lines with prodigious 
Tdk)cit]r, which, by impinging upon the optic 
nerves, produce the sensation of light. Many of 
the observed phenomena have been successfully 
explained by this theory; it seems, however, 
totally inadequate to account for the following 
ciremnstances. 

When two equal rays of red light, proceeding 
bum two luminous points, fall upon a sheet of 
white paper in a dark room, they will produce a 
red spot on it, which will be twice as bright as 
either ray would produce singly, provided the 
difierence in the lengths of the two beams, from 
the luminous points to the red spot on the paper, 
be exactly the 0* 0000258th part of an inch. The 
same effect will take place if the difference in 
their lengths be twice, three times, four times, 
icCf that quantity. But if the difference in the 
lengths of the two rays be equal to one-half of the 
-0000258th part of an inch, or to its 1^-, 2^-, 3}-, 
&c. part, the one light will entirely extinguish the 
other, and will produce absolute darkness on the 
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paper where the united beams fall. If the differ- 
ence in the lengths of their paths be equal to the 
1|, 2^, 3}, &c. of the 0- 0000258th part of an 
inch, the red spot arising from the combined 
beams will be of the same intensity which eae 
idene would produce. If violet light be employed, 
the difference in the lengths of the two beams 
snuft be equal to the 0*00001 57th part of an incii, 
in order to produce the same phenomena; and 
Ibr tiie ether colours the difference must be inter* 
mediate between the -0000258th and the 
O*0000157th part of an inch. Similar pSieno- 
mena may be seen by viewing the flame of a 
cwMHe through two very fine slits in a card ex- 
tremdy near to one another ; or by admitting the 
sun's light into a dark room through a pin4iole 
about the fortieth of an inch in diameter, and 
receiving the image on a sheet of white paper. 
When a slender wire is held in the light. Ha 
shadow consists of a bright white bar or stripe fii 
the middle, with a series of alternate black and 
brightly coloured stripes on each side. The rays 
which bend round the wire in two streams are of 
equal lengths in the middle stripe; it is conae* 
cfucntly doubly bright from their combined effect ; 
hitt the rays which fall on the paper on each side 
of the bright stripe, being of such unequal lengths 
aa to destroy one another, form black lines. On 
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eachjude of these black lines the rays aie again 
dp Bodk lengths as to combine to form bright 
itn^pes, and so on alternately, till the light is too 
fidnt to be visible. When any homogeneous light 
is used, such as red, the alternations are only 
black and red ; but on account of the heteroge- 
neous nature of white light, the black lines alter- 
nate with vivid stripes or fringes of prismatic 
colours, arising from the superposition of systems 
of alternate black lines and lines of each homo- 
geneous colour. That the alternation of black 
lines and coloured fringes actually does arise from 
the mixture of the two streams of light which flow 
nnmd the wire, is proved by their vanishing the 
instant one of the streams is interrupted. It may 
dierefore be concluded, as often as these stripes of 
light and darkness occur, that they are owing to 
the yays combining at certain intervals to produce 
a joint effect, and at others to extinguish one 
another. Now it is contrary to all our ideas of 
HUitter to suppose that two particles of it should 
annihilate one another under any circumstances 
whatever ; while, on the contrary, it is impossible 
not to be struck with the perfect similarity between 
the interferences of small undulations of air and 
water and the preceding phenomena. The ana- 
logy is indeed so perfect, that philosophers of the 
highest authority concur in the supposition that 
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the celestial Tegions are filled with an extremely 
rare, imponderable, and highly elastic mediwn or 
ether, whose particles are capable of receiving the 
vibrations commtmicated to them by self-luminouB 
bodies, and of transmitting them to the optic 
nerves, so as to produce the sensation of light. 
The acceleration in the mean motion of Encke't 
comet renders the existence of such a medium 
almost certain. It is clear that, in this hypothesis, 
the alternate stripes of light and darkness are 
entirely the effect of the interference of the imdu- 
lations ; for, by actual measurement, the length of 
a wave of the mean red rays of the solar spectrum 
is equal to the 0* 0000258th part of an inch ; con- 
sequently, when the elevation of the waves combine, 
they produce double the intensity of light that 
«ach would do singly; and when half a wave 
combines with a whole, — that is, when the hollow 
of one wave is filled up by the elevation of an- 
other, darkness is the result. At intermediate 
points between these extremes, the intensity of 
the light corresponds to intermediate differences 
in the lengths of tlie rays. 

The theory of interferences is a particular case 
of the general mechanical law of the superposition 
of small motions ; whence it appears that the 
disturbance of a particle of an elastic medium, 
produced by two coexistent undulations, is the 
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turn of the disturbanceB which each undulation 
would produce separately ; consequently the par- 
ticle will move in the diagonal of a parallelogTam, 
whose sides are the two undulations. If, there- 
fore, the two undulations agree in direction, or 
neariy so, the resulting motion will be very nearly 
equal to their sum, and in the same direction : if 
they nearly oppose one another, the resulting mo* 
tion will be nearly equal to their difference ; and 
if the imdulations be equal and opposite, the 
letoltant will be zero, and the particle will remain 
at rest. 

The preceding experiments, and the inferences 
deduced from them, which have led to the esta- 
blishment of the doctrine of the undulations of 
light, are the most splendid memorials of our 
fUustrious countryman Dr. Thomas Young, though 
Hnygens was the first to originate the idea. 

It is supposed that the particles of luminous 
bodies are in a state of perpetual agitation, and 
that they possess the property of exciting regular 
▼ihrations in the ethereal medium, corresponding 
to the vibrations of their own molecules; and that, 
on account of its elastic nature, one particle of 
the ether, when set in motion, communicates its 
Tibxations to those adjacent, which in succession 
tiannnit them to those farther off, so that the 
frimitiYe impulse is transferred from particle to 
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ptttide, and the undnlating moticm darta dmnigk 
ellier Hike a wave m water. Althou^ the pm^ 
grrewdve motioB of ligkt k known liy expenence to 
be witfonn, and in a straiglit line, the tdbratMB* 
oi the particles are always at right angles to 4iie 
direction of the ray. The propagation of li|^ ii 
like the spreading of waves in watery but if ^ne 
ray alone be considered, its motion may be can- 
oeived by supposing a rope of indefinite length 
stretched horizontally, one end of whicli is held im 
the hand. If it be agitated to and fix) «t rqgiilMr 
intervals, with a motion perpendicular to iti 
length, a series of similar and equal tvemon -or 
waves will be propagated along it; and if tiie 
reigular impulses be given in a variety of plaofl^ 
as up and down, from right to left, and also ia 
oblique directions, the successive undulations itSl 
take place in every possible plane. An analogon 
motion in the ether, when communicated to the 
Coptic nerves, would produce the sensation of com- 
mcoi light. It is evident that tlie waves wloch 
fk)w from end to end of the cord in a serpeotina 
fonn are altogether difierent from the perpendi- 
cular vibratory motion of each particle of the zopep 
which never deviates far from a state of rest. So 
in ether each particle vibrates perpendicularly to 
the direction of the ray ; but these vibrations axe 
totally difierent from, and independent of, tha 
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itMDB iflu<^ are trannnitted tAiroiigh it, in 
the nme muiner as the vibrations of each parti- 
edar ^ur of com axe independent of the 'wsvea 
tfnt nuh from end to end of a harvest-field whea 
ai^teted by t^ wind. 

' The flftteasitj of light depends upon the asn- 
pBtude (H* extent of the vibrations of the partidet 
of ether; while its colour depends upon their 
frequency. The time of the vitoction of a particle 
of etiier is, by theory, as the length of a wa^ve 
Arecdy, and inversely as its velocity. Now, as 
Ae Triecity of light is known to be 192000 miles 
in ft second, if the lengths of the waves of the 
AAnent coloured rays could be measured, the 
nmiber of vibrations in a second corresponding 
li each could be computed; but that has been 
aeooimplidied as follows: — All transparent sub* 
staBces of a certain thickness, with parallel smr* 
faces, reflect and transmit white light, but if they 
be extremely thin, both the reflected and trans- 
antted light is coloured. The vivid hues on soap- 
boMiles, the iridescent colours produced by heat 
on pc&hed steel and copper, the fringes of colour 
between the laminae of Iceland spar and sulphate 
of lime, an consist of a succession of hues disposed 
B tiie same order, totally independent of the 
eelour of the substance, and determined solely by 
ila greater or less thickness, — a circumstance 
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which afifordB the meaiiB of ascertaiiiiug the length 
of the waves of each coloured ray, and the fre- 
quency of the vibrations of the particles .produciog 
them. If a plate of glass be laid upon a lens of 
almost imperceptible curvature, before an open wiiH 
dow, when they are pressed together a black spot 
will be seen in the point of contact, surrounded by 
seven rings of vivid coloiurs, all difiering from one 
another. In the first ring, estimated from the black 
spot, the colours succeed each other in the fbllow« 
ing order ; — ^black, very faint blue, brilliant white^ 
yellow, orange, and red. They are quite different 
in the other rings, and in the seventh the only 
colours are pale bluish-green and veiy pale pink. 
That these rings are formed between the two sur- 
^Eices in apparent contact may be proved by laying 
a prism on the lens, instead of the plate of glass, 
and viewing the rings through the inclined side 
ef it that is next to the eye, which arrangement 
prevents the light reflected from the upper surfruM 
mixing with that from the surfaces in contact, w 
that the intervals between the rings appear per* 
fectly black, — one of the strongest circumstancea 
in favour of the undulatory theory ; for, although 
the phenomena of the rings can be explained by 
either hypothesis, there is this material difference, 
that, according to the undulatory theory, the inter- 
vals between the rings ought to be absolutely 
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Uack, which is confirmed by experiment ; whereas, 
by the emanating doctrine, they ought to be half 
illummated, which is not foimd to be the case. 
M. Fresnely whose opinion is of the first authority, 
thought this test conclusive. It may therefore be 
concluded that the rings arise entirely from the 
interference of the rays : the light reflected from 
each of the surfaces in apparent contact reaches 
the eye by paths of different lengths, and produces 
coloured and dark rings alternately, according as 
the reflected waves coincide or destroy one another. 
The breadths of the rings are unequal ; they de- 
crease in width, and the colours become more 
crowded, as they recede from the centre. Coloured 
rings are also produced by transmitting light 
through the same apparatus ; but the colours are 
less vivid, and are complementary to those reflected, 
consequently the central spot is white. 

The size of the rings increases with the obli- 
quity of the incident light; the same colour re- 
quiring a greater thickness or space between the 
glasses to produce it than when the light falls 
perpendicularly upon them. Now if the appa- 
ratus be placed in homogeneous instead of white 
light, the rings will all be of the same colour with 
that of the light employed. That is to say, if the 
light be red, the rings will be red divided by 
black intervals. The size of the rings varies with 
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die colour of the ligkt. Thej- aare largedt ia red, 
and decrease in laagnitude witk the meceediag 
prismatic colours, being smallest in yiolet liglit. 

Since one of the glasses is pfame and the other 
spherical, it is evident that, from the pox&t of oon« 
tact, the space between them gradually incream 
in thickness all round, so that a certain thicknefli 
of air corresponds to each colour, which, in the 
ondulatory system, measures the length of the 
wave producing it. By actual measurement Siv 
Isaac Newton found that the squares of the dS»- 
meters of the brightest parts of each ring are as 
die odd numbers, 1, 3, 5, 7, &c.; and that tike 
squares of the diameters of the darkest parts aie 
as the even numbers 0, 2, 4, 6, &c. Consequently 
the intervals between the glasses at these points 
are in the same proportion. If, then, the thick- 
ness of the air corresponding to any one colour 
could be found, its thickness for all the others 
would be known. Now, as Sir Isaac Newton 
knew the radius of curvature of the lens, and the 
actual breadth of the rings in parts of an inch, it 
was easy to compute that the thickness of air at 
the darkest part of the first ring is the -rvfrr^ 
part of an inch, whence all the others have been 
deduced. As these intervals determine the lengtha 
of the waves on the undulatory hypothesis, it 
appears that the length of a wave of the extreme 
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rei of the aolar spectrum is equal to the 
O'OOOOS^th part of an inch ; that the length of 
m wave of the extreme violet is equal to the 
O'0O0OI'6'7th part of an inch ; and as the time of 
a yibntion of a particle of ether producing any 
psrticular colour is directly as the length of a 
mre of tliat colour, and inversely as the velocity 
eflight, it follows that the molecules of ether 
producing the extreme red of the solar spectrum 
pe gferm 458 millions of mfliions of vibrations in 
a second ; and that those producing the extreme 
vii^ accomplish 727 millions of millions^ of vi- 
firatixms in the same time. The liengths of the 
wsves of the intermediate colours and the nimiber 
if tiieir vibrations being intermediate between 
fbat two, white light, which consists of all the 
eoloarBj is consequently a mixture of waves of all 
kngtbB between the limits of the extreme red and 
lii^et. The determination of these minute por- 
tions of time and space, both of which have a real 
exartence, being the actual results of measure*- 
ment, do as much honour to the genius of Newton 
IS Aat of the law of gravitation. 

The phenomenon of the coloured rings takes 
p9kce in vcuruo as well as in air; which proves 
diat it is the distance between the lenses alone, 
and' not the air, which produces the colours. 
However, if water or oil be put between them, the 
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rings contract, but no other change ensues, az 
Newton found that the thickness pf different medi 
at which a given tint is seen is in the inven 
ratio of their refractive indices, so that the thicl 
ness of laminie may be known by their coloii 
which could not otherwise be measured ; and as tl 
position of the colours in the rings is invaiiabl 
they form a fixed standard of comparison, wf 
known as Newton's scale of colours; each tii 
being estimated according to the ring to wbidi 
belongs from the central spot inclusively. N( 
only the periodical colours which have been d 
scribed, but the colours seen in thick plates 
transparent substances, the variable hues of &i 
thers, of insects' wings, and of striated substance 
and the coloured fringes surrounding the shadtn 
of all bodies held in an extremely small bea 
of light, all depend upon the same princip] 
Whence it appears, that material substances d 
rive their colours from two different causes — son 
from the law of interference, such as iridesce 
metals, peacock's feathers, &c., and others fro 
the unequal absorption of the rays of white ligl 
such as vermilion, ultramarine, blue or giei 
doth, flowers, and the greater number of colour 
bodies. 

The ethereal medium pervading space is su 
posed to penetrate all material substances, oca 
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p^Bg the intentices between their molecules; 
but in the interior of refracting media it exists 
in a state of less elasticity compared with its 
density in vacuo; and the more refractive the 
ni ffiiiiwi the less the elasticity of the ether within 
it Hence the waves of light are transmitted 
with less velocity in such media as glass and 
water than in the external ether. As soon as a 
lay of light reaches the surface of a diaphanous 
reflecting substance, for example, a plate of glass, 
it communicates its imdulations to the ether next 
in contact with the surfeuse, which thus becomes a 
new centre of motion, and two hemispherical waves 
ire propagated from each point of this surface; 
one of which proceeds forward into the interior of 
the glass, with a less velocity than the incident wave ; 
and the other is transmitted back into the air with 
a velocity equal to that with which it came. Thus 
when refracted, the light moves with a different 
▼docity without and within the glass ; when re- 
flected, the ray comes and goes with the same 
velocity. The particles of ether without the glass 
which communicate their motions to the particles 
of the dense and less elastic ether within it, are' 
analogous to small elastic balls striking large ones; 
for some of the motion will be communicated 
to the large balls, and the small ones will be 
reflected. The first would cause the refracted 
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wave, and the last the reflected. ConverBely, 
when the light passes from glass to air, the actbn 
is similar to large balls striking small ones. The 
small balls receive a motion which would eauie 
the refracted ray, and the part of the motion 
retained by the large ones would occasion tlie 
reflected wave ; so that when light passes thioiigli 
a plate of glass or of any other medium difiEenng 
in density from the air, there is a 'reflection at 
both surfaces. But this diflerence exists between 
the two reflections, that one is caused by a vibra- 
tion in the same direction with that of the incident 
ray, and the other by a vibration in the opposite 
direction. 

A single wave of air or ether would not prodnoe 
the sensation of sound or light. In order to ex* 
cite vision, the vibrations of the molecules of etber 
must be regular, periodical,and very often repeated ; 
and as the ear continues to be agitated for a short 
time after the impulse, by which alone a somid 
becomes continuous, so also the fibres of the re- 
tina, according to M. d'Arcet, continue to vibrate 
for about the eighth part of a second, after the 
exciting cause has ceased. Every one must have 
observed when a strong impression is made by a 
bright light, that the object remains visible for a 
short time after shutting the eyes, which is trap- 
posed to be in consequence of the continued vifara- 
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In general, when a ray of light is reflected from; j 
a pane of plate-glass, or any other suBstance, it ; 

.'I 

may be reflected a second time from another ma^i.i 
face, and it will also pass freely through tranp*! \ 
parent bodies ; but if a ray of light be reflectedt' 
from a pane of plate-glass at an angle of 57% it if < j 
rendered totally incapable of reflection at the mc*' 
face of another pane of glass in certain definiti| .. 
positions, but will be completely reflected by tfai 
second pane in other positions. It likewiae loMi'^ 
the property of penetrating transparent bodiea in 
particular positions, whilst it is freely transmitte4 
by them in others. Light so modified, as to iNt 
incapable of reflection and transmission in certei^ 
directions, is said to be polarized. This name wan. 
originally adopted from an imaginary analogy in 
the arrangement of the particles of light on thp 
Corpuscular doctrine to the poles of a magnei^ j 
and is still retained in the imdulatory theory. ■ 

Light may be polarized by reflection from tag.. 
polished surface, and the same property ia alM(. 
imparted by refraction. It is proposed to explai)(|. 
these methods of polarizing light, to give a shoijl - 
account of its most remarkable properties^ and. ^- 
endeavour to describe a few of the splendid pheno-. 
mena it exhibits. 

If a brown tourmaline, which is a mineral geofl?- 
rally crystallized in the form of a long prism, bt. 
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cat longitudinally, that is, parallel to the axis of 
the prism, into plates about the thirtieth of an 
inch in thickness, and the surfaces polished, 
luminous objects may be seen through them, as 
through plates of coloured glass. The axis of 
each plate is, in its longitudinal section, parallel 
to the axes of the prism whence it was cut. If 
one of these plates be held perpendicularly be- 
'tween the eye and a candle, and turned slowly 
>Tonnd in its own plane, no change will take place 
in the image of the candle ; but if the plate be 
held in a fixed position, with its axis or longitu- 
dinal section vertical, when a second plate is in- 
terposed between it and the eye, parallel to the 
first, and turned slowly round in its own plane, 
A remarkable change will be found to have taken 
place in the nature of the light, for the image of the 
candle will vanish and appear alternately at every 
quarter revolution of the plate, varying through all 
degrees of brightness down to total, or almost total, 
evanescence, and then increasing again by the same 
degrees as it had before decreased. These changes 
depend upon the relative positions of the plates. 
When the longitudinal sections of the two plates 
■are parallel, the brightness of the image is at its 
maximum ; and when the axes of the sections cross 
at right angles, the image of the candle vanishes. 
Hiiib die light, in passing through the fixct i^\a^ 
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of tourmaline, has ftpquired a property totally dif- 
ferent from the direct light of the candle. The direct 
light would have penetrated the second plate e^ially 
well in all directions, whereas the refracted ray will 
only pass through it in particular positions, and 
is altogether incapable of penetrating it in otlmrs. 
The refracted ray is polari2sedinit8 passage throng 
the first tourmaline, and experience shows that it 
never loses that property, unless when acted upon 
by a new substance. Thus one o£ the propertiois 
of polarized light is proved to be the incapability 
of passing through a plate of tourmaline perpendi- 
cular to it, in certain positions, and its ready 
transmission in other positions at right angles to 
the former. 

Many other substances have the property of 
polarizing light. If a ray of light falls upon a 
transparent medium which has the same tempenir 
ture, density and structure throughout every part, 
as fluids, gases, glass, &c., and a few regularly 
crystallized minerals, it is refracted into a idngle 
pendl of light by the laws of ordinary refractioD, 
according to which the ray, passing through the 
refracting sur&ce from the object to the eye, never 
quits a plane perpendicular to that surface. Al- 
most all other bodies, such as the greater number 
of crystallized minerals, animal and vegetable sub- 
stances, gums, resins, jeUies, and all solid bodies 
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having unequal 'tensions, whether from unequal 
temperature or pressure, possess the property of 
doubling the image or appearance of an object 
seen through them in certain directions ; because 
a ray of natural light falling upon them is re- 
fracted into two pencils which move with different 
velocities, and are more or less separated, accord- 
ing to the nature of the body and the direction of 
the incident ray. Iceland spar, a carbonate of 
lime, which, by its natural cleavage, may be split 
into the form of a rhombohedron, possesses this 
property in an eminent degree, as may be seen by 
passing a piece of paper, with a large pin hole in 
it, on the side of the spar farthest from the eye. 
The hole will appear double when held to the light. 
One of these pencils is reacted according to the 
same law, as in glass or water, never quitting the 
^ane perpendicular to the refracting surface, and 
•therefore called the ordinary ray; but the other 
does quit that plane, being reiTacte4 according to 
ft difiSsrent and much more complicated law, and 
on that account is called the extraordinary ray. 
For the same reason one image is called the ordi- 
nary, and the other the extraordinary image. When 
the spar is turned round in the same plane, the 
extraordinary image of the hole revolves about the 
oidinary image which remains fixed, both being 
equally bright. But if the spar be kept in one 
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position, and viewed through a plate of tourmaUne, 
it will be found that, as the tounnaline revolves, 
the images vary in their rdative brightness — one 
increases in intensity till it arrives at a maximum, 
at the same time that the other diminishes till 
it vanishes, and so on alternately at each quarter 
revolution, proving both rays to be polarized ; for in 
one position the tourmaline transmits the ordinary 
ray, and reflects the extraordinary, and after re* 
volving 90°, the extraordinary ray is transmitted, 
and the ordinary ray is reflected. Thus another 
property of polarized light is, that it cannot lie 
divided into two dqual pencils by double refraction, 
in positions of the doubly refracting bodies, in 
which a ray of common light would be so divided. 

Were tourmaline like other doubly refracting 
bodies, each of the transmitted rays would be 
double, but that mineral, when of a certain thick-* 
ness, after separating the light into two polarized 
pencils, absorbs one of them, and consequently 
shows only one image of an object. 

The pencils of light, on leaving a doubly refract- 
ing substance, are parallel ; and it is clear, from 
the preceding experiments, that they are polarized 
in planes at right angles to each other. But that 
will be better understood by considering the change 
produced in common light by the action of the 
polarizing body. It has been shown that the 
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uudulatioDB of ether, which produce the sensation 
of common light, are performed in every possible 
plane, at right angles to the direction in which the 
nj is moving; but the case is very different after 
the ray has passed through a doubly refracting 
substance, like Iceland spar. The light then 
proceeds in two parallel pencils, whose undula- 
tions are still, indeed, transverse to the direction 
oi the rays, but they are accomplished in planes 
at r^ht angles to one another, analogous to two 
parallel stretched cords, one of which performs its 
undulations only in a horizontal plane, and. the 
other in a vertical, or upright plane. Thus the 
polarizing action of Iceland spar, and of all doubly 
xefracting substances, is, to separate a ray of com- 
vmm light whose. waves, or undulations, are in 
^voy plane, into two parallel rays, whose waves 
Of .undulations lie in. planes at right angles to each 
other. The ray of common light may be assimi- 
hUed to a round rod, whereas the two polarized 
rays are like two parallel long flat rulers, one of 
whjch is laid horizontally on its broad surface, and 
Ihe other horizontally on its edge. The alternate 
traouBmission and obstruction of one of these flat- 
tened beams by the tourmaline is similar to the 
fiu»lity with which a thin sheet of paper, or a card, 
may. be passed between the bars of a grating, or 
wkes of a cage, if presented edgeways, and . the 
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impossibility of its passing in a direction tnas^ 
verse to tbe openings of the bars or wires. 

Although it generally happens that a ray of 
light, in passing through Iceland spar, is s^a^ 
rated into two polarized rays; yet there is one 
direction along which it is refracted in one ray 
only, and that according to the ordinary law. 
This direction is called the optic axis. Many 
crystals and other sabstances have two optic axes, 
inclined to each other, along which a ray of light 
is transmitted in one pencil by the law of ordinary 
refraction. The extraordinary ray is sometiniM 
refracted towards the optic axis, as in quartSj 
zircon, ice, &c., which are, therefore, said to be 
positive crystals; but wh^i it is bent from ^ 
optic axis, as in Iceland spar, tourmaline, eme^ 
raid, beryl, &c., the crystals are negative, which 
is the most numerous class. The ordinary ray 
moves with uniform velocity within a doubly re- 
fracting substance, but the velocity of the extra* 
ordinary ray varies with the position of the ray 
relatively to the optic axis, being a maximum 
when its motion within the crystal is at right 
angles to the optic axis, and a minimum when 
parallel to it. Between these extremes its velocity 
varies according to a determinate law. 

It had been inferred from the action of Iceland 
spar on light, that, in all doubly refracting vah* 
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ttances, one only of the two rays is turned aside 
horn the plane of ordinary refraction, while the 
other follows the ordinary law; and the great 
difficulty of observing the phenomena tended to 
confirm that opinion. M. Fresnel, however, 
proved, by a most profound mathematical inquiry, 
d priori^ that the extraordinary ray must be want- 
ing in glass and other uncrystallized substances, 
and that it must necessarily exist in carbonate of 
lim^ quartz, and other bodies having one optic 
but that, in the numerous class of substances 
possess two optic axes, both rays must 
undergo extraordinary refraction, and consequently 
that both must deviate from their original plane ; 
aad these results have been perfectly confirmed by 
mibsequent experiments. This theory of refinc- 
tion, which, for generalization, is perhaps only 
inlerior to the law of gravitation, has enrolled the 
name of Fresnel among those which pass not 
aiway, and make his early loss a subject of deep 
regret to all who take an interest in the higher 
paths of scientific research. 

Panes of glass, if sufficiently numerous, will 
give a polarized beam by refraction. It appears 
that, when a beam of common light is partly re- 
flected at, and partly transmitted through, a trans- 
parent surface, the reflected and refracted pencils 
contain equal quantities of polarized light, and 
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that their planes of polarization are at right angles 
to one another ; hence, a pile of panes of gltes 
^11 give a polarized beam by refraction. For if 
a ray of common light pass through them, part of 
.it will be polarized by the first plate, the secimd 
plate will polarize a part of what passes through 
it, and the rest will do the same in succession, till 
the whole beam is polarized, except what is lost 
by reflection at the different surfaces, or by absorp- 
tion. This beam is polarized in a plane at right 
angles to the plane of reflection, that is, at right 
angles to the plane passing throi^h the incident 
and reflected ray. But by far the most conyenieiit 
way of polarizing light is by reflection. 

A pane of plate glass laid upon a piece of black 
cloth, on a table at an open window, will appear 
of a uniform brightness from the reflection of the 
sky or clouds ; but if it be viewed through a plate 
of tourmaline, having its axis vertical, instead of 
being illuminated as ^before, it will be obscured by 
a large cloudy spot, having its centre quite dark, 
which will readily be found by elevating or de- 
pressing the eye, and will only be visible when the 
angle of incidence is 57% that is, when a line from 
the eye to the centre of the black spot makes an 
angle of 33^ with the surface of the reflector. 
When the tourmaline is turned round in its own 
plane, the dark cloud will diminish, and entirely 



PHTSICAL SCIENCES. 205 

vankh when the axis of the tourmaline is hori- 
xcmtal, and then every part of the surface of the 
glass will be equally illuminated. As the tonr- 
maline revolves, the cloudy spot will appear and 
vanish alternately at every quarter revolution. 
Thus, when a ray of light is incident on a pane of 
flate glass at an angle of 57°, the reflected ray is 
vendered incapable of penetrating a plate of tour- 
Bialine whose axis is in the plane of incidence ; 
consequently it has acquired the same character 
as if it had been polarized by transmission through 
a plate of tourmaline with its axis at right angles 
to the plane of reflection. It is found by expe- 
rience that this polarized ray is incapable of a 
second reflection at certain angles and in certain 
positions of the incident plane. For if another 
pane of plate glass, having one surface blackened, 
he so placed as to make an angle of 33° with the 
reflected ray, the image of the first pane will be 
veflected in its surface, and will be alternately illu- 
minated and obscured at every quarter revolution^ 
of the blackened pane, according as the plane of 
nedeetion is parallel or perpendicular to the plane 
of polarization. Since this happens by whatever 
means the light has been polarized, it evinces 
another general property of polarized light, which 
ia, that it is incapable of reflection in a plane at 
light angles to the plane of polarization. 
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AH reflecting surfaces are capable of polarudxig 
light, but the ai^le of incidence at which it k^ 
completely polarized, is different in each tab* 
stance. It appears that the angle for plate-glaM 
is 57^ ; in crown-glass it is 56° 55^ and no ray 
will be completely polarized by water, imless the 
angle of incidence be 53° 11'. The angles at 
which different substances polarize light are de- 
termined by a very simple and el^ant law, dis- 
covered by Sir David Brewster, ^ That the tan* 
gent of the polarizing angle for any medium ii^ 
equal to the sine of the angle of incidence dividefll 
by the sine of the angle of refraction of that mei>- 
dium.' Whence also the refractive power even of 
an opaque l^ody is known when its polarizing 
angle has been determined. 

Metallic substances, and such as are of high 
refractive powers, like the diamond, polarize im- 
perfectly. 

If a ray polarized by refraction or by reflec- 
tion from any substance not metallic be viewed 
through a piece of Iceland spar, each image will 
alternately vanish and re-appear at every quarter 
revolution of the spar, whether it revolves from 
right to left, or from left to right ; which shows 
that the properties of the polarized ray are sym- 
metrical on each side of the plane of polarization. 

Although there be only one angle in each sub- 
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stance at which light is completely polarized by 
one reflection, yet it may be polarized at any angle 
of incidence by a sufficient number of reflections. 
For if a ray falls upon the upper surface of a pile 
of glass at an angle greater or less than the polar- 
izing angle, a part only of the reflected ray will 
be polarized, but a part of what is transmitted will 
be polarized by reflection at the sur&ce of the 
second plate, part at the third, and so on till the 
whole is polarized. This is the best apparatus ; 
bat a plate of glass having its inferior surface 
blackened, or even a polished table, will answer 
the purpose. 

SECTION XXIII. 

Such is the nature of polarized light and the laws 
it follows ; but it is hardly possible to convey an 
idea of the splendour of the phenomeua it exhibits 
under circumstances which an attempt will now 
be made to describe. 

If light polarized by reflection from a pane of 
g^ats be viewed through a plate of tourmaline with 
its longitudinal section vertical, an obscure cloud, 
with its centre totally dark, will be seen on the 
g^BBB. Now let a plate of mica, uniformly about 
the thirtieth of an inch in thickness, be interposed 
between the tourmaline and the glass ; the dark 
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spot will instantly vanish, and instead of it, a 
succession of the most gorgeous colours will ap- 
pear, varying with every inclination of the mica, 
from the richest reds, to the most vivid greens, 
blues, and purples. That they may be seen in 
perfection, the mica must revolve at right angles to 
its own plane. When the mica is turned round in 
a plane perpendicular to the polarized ray, it will 
be found that there are two lines in it where the 
colours entirely vanish : these are the optic axes of 
the mica ; which is a doubly refracting substai^ce, 
with two optic axes, along which light is refracted 
in one pencil. 

No colours are visible in the mica, whatever its 
position may be with regard to the polarized light, 
without the aid of the tourmaline, which separates 
the transmitted ray into two pencils of coloured 
light complementary to one another, that is, which 
taken together would make white light; one of 
these it absorbs and transmits the other: it is, 
therefore called the analyzing plate. The truth 
of this will appear more readily if a film of sul- 
phate of lime between the twentieth and sixtieth of 
an inch thick be used instead of the mica. When 
the film is of uniform thickness, only one colour 
will be seen when it is placed between the ana- 
lyzing plate and the reflecting glass ; as, for ex- 
ample, red : but when the tourmaline revolves, the 
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ltd will yanish by degrees, till the film is colour- 
less, then it will assume a green hue, which will 
increase and arrive at its maximum when the 
tourmaline has turned through ninety degrees; 
after that ^the green will vanish and the red will 
rerappear, alternating at each quadrant Whence 
it appears that the tourmaline separates the light 
which has passed through the film into a red and 
a gpieen pencil, and that in one position it absorbs 
the green and lets the red pass, and in another it 
abflorbe the red and transmits the green. This is 
proved by analyzing the ray with Iceland spar in- 
stead of tourmaline^ for since the spar does not 
dbaorb the light, two images of the sulphate of 
lime will be seen, one red and the other green, and 
these exchange colours every quarter revolution of 
the spar, the red becoming green and the green 
red, and where the images overlap, the colour is 
white, proving the red and green to be comple- 
mentaiy to each other. The tint depends on the 
tUckneiB of the film. Films of sulphate of lime 
the 0-00124 and 001818 of an inch respectively, 
gife white light in whatever position they may be 
hdd; provided they be perpendicular to the polar- 
iied zay; but films of intermediate thickness will 
give all colours. Consequently a wedge of sul- 
phate of lime, varying in thickness between the 
0^124 and the 0'01818 of an inch, will app«a.t 

p 
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to be striped with all colours wlien polarized light 
is transmitted through it. A change in the incli- 
nation of the film, whether of mica or sulphate of 
lime, is evidently equivalent to a variation in thick- 
ness. 

When a plate of mica held as close to the eye na 
possible, at such an inclination as to transmit the 
polarized ray along one of its optic axes, is viewed 
through the tourmaline with its axis vertical, a 
most splendid appearance is presented. The 
cloudy spot, which is in the direction of the optic 
axis, is seen surrounded by a set of vividly co- 
loured rings of an oval fonx^ divided into two 
unequal parts by a black curved band pasaiiig 
through the cloudy spot about which the rings are 
formed. The other optic axis of the mica exhi** 
bits a similar image. 

When the two optic axes of a crystal make a 
small angle with one another, as in nitre, the two 
sets of rings touch externally ; and if the plate of 
nitre be turned round in its own plane, the black 
transverse bands undergo a variety of changes, 
till at last the whole richly coloured image as- 
sumes the form of the figure 8, traversed by a 
black cross. Substances having one optic axis 
have but one set of coloured circular rings, with a 
broad black cross passing through its centre and 
dividing the rings into four equal parts. When 
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the analyzing plate revolves, this figure recurs at 
every quarter revolution, but in the intermediate 
positions it assumes the complementary colours, 
the black cross becoming white. 

It is in vain to attempt to describe the beautiful 
phenomena exhibited by innumerable bodies, all 
of which undergo periodic changes in form and 
colour when the analyzing plate revolves, but not 
one of them shows a trace of colour without the 
aid of tourmaline or something equivalent to ana- 
lyze the light, and as it were to call these beau- 
tiful phantoms into existence. Tourmaline has the 
disadvantage of being itself a coloured substance^ 
but that inconvenience may be avoided by employ- 
itag a reflecting surface as an analyzing plate. 
When polarized light is reflected by a plate of 
glass at the polarizing angle, it will be separated 
into two coloured pencils, and when the analyzing 
plate is turned round in its own plane, it will 
dtemately reflect each ray at every quarter revo- 
httioot,' so that all the phenomena that have been 
described will be seen by reflection on its surface. 

Coloured rings are produced by analyzing polar- 
ised light transmitted through glass melted and 
ftuddenly or unequally cooled, also in thin plates 
df glass bent with the hand, in jelly indurated or 
tompressed, &c. &c. ; in short, all the phenomena 
sf coloured rings may be produced, either i^ettckab- 

p2 
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nently or transiently, in a variety of substancety 
by heat and cold, rapid coolings compression) dila- 
tation, and induration ; and so little apparatus is 
necessary for performing the experiments, that, as 
Sir John HerscheU observes, a piece of window* 
glass or a polished table to polarize the Hght, a 
sheet of clear ice to produce the rings, and a 
broken fragment of plate-glass placed near the eye 
to analyze the light, are alone requisite to produce 
one of the most spl^did of optical exhibitions. 

It has been observed that when a ray of Uglit, 
polarized by reflection from any sur&ce not me- 
tallic, is analyzed by a doubly refracting substance, 
it exhibits properties which are symmetrical bodi 
to the right and left of the plane of reflection, and 
the ray is then said to be polarized according to 
that plane. This symmetry is not destroyed when 
the ray, before being analyzed, traverses the optic 
axis of a crystal having but one optic axis, as 
evidently appears from the circular form of the 
coloured rings already described. Reg^arly crys- 
tallized quartz, or rock ciystal, however, forms aa 
exception. In it, even though the rays should 
pass through the optic axis itsdf, where there m 
no double refraction, the primitive symmetry of 
the ray is destroyed, and the plane of primitive 
polarization deviates either to the right or left of 
the observer, by an angle proportional to the 
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thickness of the plate of quartz. This angular 
motion, or true rotation of the plane of polari- 
zation, which is called circular polarization, is 
clearly proved hy the phenomena. The coloured 
rings produced by all crystals having but one optic 
aziB are circular, and traversed by a black cross 
concentric with the rings; so that the light en- 
tirely vanishes throughout the space enclosed by 
the interior ring, because there is neither double 
refraction nor polarization along the optic axis; 
but in the system of rings produced by a plate of 
quartz, whose sur&ces are perpendicular to the 
aada of the crystal, the part within the interior 
ring, instead of being void of light, is occupied by 
a miiform tint of red, green, or blue, according to 
the thickness of the plate. Suppose the plate of 
^puurte to be ^ of an inch thick, which will give 
Ae led tmt to the space within the interior ring ; 
wliea the analyzing plate is turned in its own plane 
dnoi^h an angle of 11^% the red hue vanishes. 
If ft Jplate of Tock crystal, ^ of an inch thick^ be 
wed, the analyzing plate must revolve through 
|6r^ before the red tint vanishes, and so on ; every 
-additiimal 25th of an inch in thickness requiring 
an additional rotation of 174^, whence it is mani- 
ISBt that the plane of polarization revolves in 
fle direction of a spiral within the rock crystal. 
It is ftmarkable that, in some crystals of q[a»iVZ) 
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the plane of polarization levolves from right to 
lefty and in others from left to right, although 
the crystals themselves differ apparently only by 
a very slight, almost imperceptible, variety in form. 
In these phenomena, the rotation to the right is 
accomplished according to the same laws, and wiA 
the same energy, as that to the left. But if two 
plates of quartz be interposed which poBaesa dif- 
ferent affections, the second plate undoes, either 
wholly or partly, the rotatory motion which the 
first had produced, according as the plates aie 
of equal or unequal thickness. When the plates 
are of unequal thickness, the deviation is in the 
direction of the strongest, and exactly the aaine 
with that which a third plate would produce equal 
in thickness to the difference of the two. 

M. Biot has discovered the same properties in a 
variety of liquids. Oil of turpentine and an essen- 
tial oil of laurel cause the plane of polarization to 
turn to the left, whereas the syrup of the sugar-cane 
and a solution of natural camphor by alcohol turn 
it to the right. A compensation is effected by the 
superposition or mixture of two liquids which pos- 
sess these opposite properties, provided no chemi- 
cal action takes place. A remarkable difference 
was also observed by M. Biot between the action 
of the particles of the same substances when in a 
liquid or solid state. The syrup of grapes, for 
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example, turns the plane of polarization to the 
)efi as long as it remains liquid, but as soon as it 
acquires the solid form of sugar, it causes the 
plane of polarization to revolve towards the right, 
a property which it retains even when again dis- 
solved. Instances occur also in which these cir- 
cumstances are reversed. 

A ray of light passing through a liquid possess- 
ing the power of circular polarization is not 
afiSscted by mixing other fluids with the liquid, — 
such as water, ether, alcohol, &c., which do not 
possess circular polarization themselves, the dngle 
of deviation remaining exactly the same as before 
the mixture; whence M. Biot infers that the 
action exercised by the liquids in question does 
not depend upon their mass, but that it is a mole- 
cular action, exercised by the ultimate particles 
of matter, which only depends upon their indivi- 
dual constitution, and is entirely independent of 
the positions and mutual distances of the particles 
with regard to each other. This pecidiar action 
of matter on light affords the means of detecting 
Taiieties in the nature of substances which have 
-diided chemical research. For example, no che- 
mical difference has been discovered between syrup 
. fipom the sugar-cane and syrup from grapes ; yet 
the first causes the plane of polarization to revolve 
to the right, and the other to the left, therefore some 
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essential difference must exist in the nature of 
their ultimate molecules. The same difference is 
to be traced between the juices of such plants as 
give sugar similar to that from the cane and those 
which give sugar like that obtained from grapes. 
M. Biot has shown, by these important disco- 
veries, that circular polarization surpasses the 
power of chemical analysis in giving certain and 
direct evidence of the similajity or difference 
existing in the molecular constitution of bodies, as 
well as of the permanency of that constitution, or 
of the fluctuations to which it may be liable. 
This eminent philosopher is now engaged in a 
series of experiments on the progressive dianges 
in the sap of vegetables at different distances from 
their roots, and on the pro4ucts that are formed 
at the various epochs of vegetation, from their 
action on polarized light. 

One of the many brilliant discoveries of M. 
Fresnel is the production of circular and elliptical 
polarization by the internal reflection of light from 
plate-glass. He has shown that if light, polar- 
ized by any of the usual methods, be twice reflected 
within a glass rhomb of a given form, tiie vibra- 
tions of the ether that are perpendicular to the 
plane of incidence will be retarded a quarter of a 
vibration, which causes the vibrating particles to 
describe a circular helix, or curve, like a cork- 
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sorew. However, that only happens when the 
plane of polarization is inclined at an angle of 45^ 
to the plane of incidence. When these two planes 
fonn an angle, either greater or less, the vibrating 
particles move in an elliptical helix, which curve 
may be represented by twisting a thread in a spiral 
about an oval rod. These curves will turn to the 
right' or left according to the position of the inci- 
dent plane. 

The motion of the ethereal medium in elliptical 
and circular polarization may be represented by 
the analogy of a stretched cord ; for if the extremity 
of such a cord be agitated at equal and regular 
intervals by a vibratory motion entirely confined 
t6 one plane, the cord will be thrown into an un- 
dulating curve lying wholly in that plane. If to 
this motion there be superadded another, similar 
and equal, but perpendicular to the first, the cord 
Hill assume the form of an elliptical helix ; its 
extiemity will describe an ellipse, and every mole- 
cole throughout its length will successively do the 
same. But if the second system of vibrations 
oommence exactly a quarter of an undulation later 
than the first, the cord will take the form of a 
Cireular helix, or corkscrew ; the extremity of it 
will move uniformly in a circle, and every mole- 
cide throughout the cord will do the same in suc- 
CMrion. It appears, therefore, that both circular 
and elUptical polarization may be pTodw&^\>i ^^ 
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composition of the motions of two rays in.wliich 
the particles of ether vibrate in planes at right 
angles to one another. 

Professor Airy, in a very profound and able 
paper lately published in the Cambridge Trans- 
actions, has proved that all the different kinds of 
polarized light are obtained from rock crystal. 
When polarized light is transmitted through the 
axis of a crystal of quartz in the emergent ray, 
the particles of ether move in a circular helix ; 
and when it is transmitted obliquely, so as to 
form an angle with the axis of the prism, tlte 
particles of ether move in an elliptical helix, 
the ellipticity increasing with the obliquity of 
the incident ray; so that, when the incident 
ray falls perpendicularly to the axis, the par- 
ticles of ether move in a straight line. Thus 
quartz exhibits every variety of elliptical polari- 
zation, even including the extreme cases where 
the excentricity is zero, or equal to the greater 
axis of the ellipse. In many crystals the two 
rays are so little separated, that it is only from 
the nature of the transmitted light that they are 
known to have the property of double refrac- 
tion. M. Fresnel discovered, by experiments on 
the properties of light passing through the axis of 
quartz, that it consists of two superposed rays 
moving with different velocities; and Professor 
Airy has proved that, in these two rays, the mole- 
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doles of ether vibrate in similar ellipses at right 
angles to each other, but in different directions ; 
that their ellipticity varies with the angle which 
the incident ray makes with the axis ; and that, 
by the composition of their motions, they produce 
all the phenomena of the polarized light observed 
in quartz. 

It appears from what has been said, that the 
molecules of ether always perform their vibrations 
at right angles to the direction of the ray, but very 
differently in the various kinds of light. In na- 
tural light the vibrations are rectilinear, and in 
every plane; in ordinary polarized light they are 
rectilinear, but confined to one plane ; in circular 
polarization the vibrations are circular; and in 
.elliptical polarization the molecules vibrate in 
ellipses. These vibrations are communicated from 
molecule to molecule in straight lines when they 
are rectilinear, in a circular helix when they are 
ciicular, and in an oval or elliptical helix when 
dliptical. 

Some fluids possess the property of circular 
polarization, as oil of turpentine ; and elliptical 
polarization, or something similar, seems to be 
produced by reflection from metallic surfaces. 

The coloured images from polarized light arise 
from the interference of the rays. MM. Fresnel 
and Arago proved by experiment that t\*'0 rays of 
polarised light interfere and piodwc^ c^o\s3^ 
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fringes if they be polarized in the same plane, but 
that the J do not interfere when polarised in differ- 
ent planes. In all intermediate poaitionB, frii^ea 
of intermediate brightness are prodnced. Tlie ana- 
logy of a stretched cord will show how tiiis hap- 
pens. Suppose the cord to be moved backwards 
and forwards horizontally at equal intervals: it 
will be thrown into an undulating curve lying all 
in one {dane. If to this motion there be siqper- 
added another, similar and equal, commencing 
exactly half an undulation later than the first, it 
is evident that the direct motion every molecule 
will assume, in consequence of the first system of 
waves, will at every instant be exactly neutralized 
by the retrogade motion it would take in virtue 
of the second ; and the cord itself will be quies- 
cent, in consequence of the interference. But if 
the second system of waves be in a plane perpen- 
dicular to the first, the effect would only be to 
twist the rope, so that no interference would take 
place. Rays j)olarized at right angles to each 
other may subsequently be brought into the same 
plane without acquiring the property of producing 
coloured fringes ; but if they belong to a pencil, the 
whole of which was originally polarized in the 
same plane, they will interfiere. 

The manner in which the coloured rays are 
formed may be conceived by considering that, 
when polarized light passes through the optic axis 
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of a doubly refracting subetaDce, — as mica, for 
examjile, — it is divided into two pencils bj the 
analyzing totinnaline ; and as one ray is absorbed, 
there can be no interference. But when the po* 
laiized light passes through the mica in any other 
direction, it is separated into two^ white rays, and 
these are again divided into four pencils by the 
tourmalinei which absorbs two of them ; and the 
other two, being transmitted in the same plane, 
with difierent velocities, interfere and produce the 
coloured phenomena. If the analysis be made 
with Iceland spar, the single ray passing through 
the optic axis of the mica will be refracted into 
two rays polarized in different planes, and no 
interfiirence will happen : but when two rays are 
tKansmitted by the mica, they will be separated 
into four by the spar^ two of which will interfere 
to form one imag^ and the other two, by their 
interference, will produce the complementary co- 
loom of the other imi^e, when the spar has 
rwroLved through 90^; because, in such positions 
of the spar as produce the coloured images, only 
two rays are visible at a time, the other two being 
reflected. Wheigi the analysis is accomplished by 
reflection, if two rays are transmitted by the mica, 
they are polarized in planes at right angles to each 
other ; and if the plane of reflection of either of 
these rays be at right angles to the plane of polar* 
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ization, only one of them will be reflected, tod 
therefore no interference can take place; but in 
all other positions of the analyzing plate, both 
ra3r8 will be reflected in the same plane, and con- 
sequently will produce coloured rings by their 
interference. 

It is evident that a great deal of the light we see 
must be polarized, since most bodies which have 
the power of reflecting or refracting light also have 
the power of polarizing it. The blue light of the 
sky is completely polarized at an angle of 74^ from 
the sun in a plane passing through his centre. 

A constellation of talent, almost unrivalled at 
any period in the history of science, has contri- 
buted to the theory of polarization, though the 
original discovery of that property of light was 
accidental, and arose from an occurrence which, 
like thousands of others, would have passed imno- 
ticed, had it not happened to one of those rave 
minds capable of drawing the most important 
inferences from circumstances apparently trifling. 
In 1808, while M. Malus was accidentally view- 
ing, with a doubly refracting prism, a brilliant 
sunset reflected from the windows of the Luxem- 
boui^ palais in Paris, on turning the prism slowly 
round, he was surprised to see a very great differ- 
ence in the intensity of the two images, the most 
refracted alternately changing from brightness to 
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obscurity at each quadrant of revolution. A pbe* 
nomenon so unlooked for induced him to investi- 
gate its cause, whence sprung one of the most 
elegant and refined branches of physical optics. 

SECTION XXIV. 

The numerous phencnnena of periodical colours 
arising from the interference of light, which do 
not admit of satisfactory explanation on any other 
principle than the undulatdry theory, are the 
strongest arguments in favour of that hypothesis ; 
and even cases which at one time seemed un^Et- 
vourable to that doctrine have proved, upon inves- 
tigation, to proceed from it alone. Such is the 
eironeous objection which has been made in con- 
sequence of a difference in the mode of action of 
light and sound under the same circumstances in 
one particular instance. When a ray of light 
fnm a luminous point, and a diverging sound, are 
both transmitted through a very small hole into a 
dark room, the light goes straight forward, and 
fflomiiiates a small spot on the opposite wall, 
leaving the rest in darkness ; whereas the sound, 
<m entering, divei^es in all directions, and is 
heard in every part of the room. These pheno- 
ipena, however, instead of being at variance with 
the undalatory theory, are direct consequences q1 
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it, arising from the very great difference between 
the magnitude of the mulnlaticmB of Bound and 
those of light. The midulationB of light are in- 
comparably less than the minute aperture, whik 
those of sound are much greater ; therefore, when 
light, diverging from a luminous point, enters the 
hole, the rays round its edges are oblique, and 
consequently of different lengths, while those in 
the centre are direct, and nearly or altogether of 
the same lengths; so that the small undulatioas 
between the centre and the edges are in difierent 
phases, that is, in different states of undulation ; 
and therefore the greater number of them interfere, 
and, by destroying one another, produce darkneia 
all around the edges of the aperture ; whereas the 
central rays, having the same phases, combine 
and produce a spot of bright light on a wall or 
screen directly opposite the hole. The waves of 
air producing soxmd, on the contrary, being vciy 
large compared with the hole, do not sensibly 
diverge in passing through it, and are therefore all 
so nearly of the same length, and consequently in 
the same phase, or state of undulation, that none 
of them interfere sufBciently to destroy one an- 
other; hence all the particles of air in the room 
are set into a state of vibration, so that the inten- 
sity of the sound is very nearly everywhere the 
same. It is probable, however, that, if the aper- 
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tme were large enough, sound diverging from a 
point without would scarcely be audible, except 
immediately opposite the opening. Strong as the 
preceding cases may be, the following experiment, 
recently published by Professor Airy, seems to be 
deciaiYe in favour of the imdulatory doctrine. Sup- 
pose a plano-convex lens of very great radius to be 
placed xipon a plate of very highly polished metal. 
When a ray of polarized light falls upon this appa- 
latna at a very great angle of incidence, Newtoii's 
ringa axe seen at the point of contact. But as 
the polarizing angle of glass differs from that of 
metal, when the light falls on the lens at the polar- 
iaiog angle of glass, the black spot and the system 
of rings vanish : for although light in abundance 
contmues to be reflected from the surface of the 
metal, not a ray is reflected from the surface of 
the glass that is in contact with it, consequently 
no interference can take place; which proves, 
beyond a doubt, that Newton's rings result from 
the interference of the light reflected from the sur- 
feces apparently in contact. 

Notwithstanding the successful adaptation of 
the undnlatoiy system to phenomena, it cannot be 
denied that an objection still exists in the di8i)er- 
lion of light, imless the explanation given by 
Pftifessor Aiiy be deemed sufficient. A sunbeam 
fiilling on a prism, instead of being refracted tA 
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a single point, is dispersed, or scftUared orer t 
considerable space, so that the rays of the oeloined 
spectrum, whose waves are of difoent lengtluy 
have different degrees of refrangibility, and co»* 
sequently move with different yeLodties, either ib 
the medium which conveys the light from the 
sun, or in the refracting medium, or in both; 
whereas it has been shown that rays of all coknixs 
move with the same velocity. If, indeed, the 
velocities of the various rays were di&rent m 
wpSLCty the aberration of the fixed stars, which is 
inversely as the velocity, would be different te 
different colours, and every star would appear ts 
a spectrum whose length would be parallel to ti» 
direction of the earth's motion, which is not foond 
to agree with observation. Besides, there is no 
such difference in the velocities of the long sad 
short waves of air in the analogous case of soond, 
since notes of the lowest and highest pitch ase 
heard in the order in which they are struck. The 
solution of this anomalous case suggested by Pnn 
fessor Airy from a similar instance in the theory 
of sound, already mentioned, will be best under- 
stood in his own words. * We have every reason,*^ 
he observes, ^ to think that a part of the velocity 
of sound depends upon the circumstance that th& 
law of elasticity of the air is altered by the instan- 
taneous development of latent heat on compression, 
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or the contrary effect on expansion. Now, if this 
heat required time for its development, the quan- 
tity of heat developed -would depend upon the time 
during irhich the particles remained in nearly the 
Bsme Telative state, that is, on the time of vihn^-^ 
tion. Consequently, the law of elasticity i^oxdA 
be different for diflferent times of vibration, or for- 
different lengths of waves; and therefore the 
velocity of transmission would be different for 
waves of different lengths. If we suppose some 
cause which is put in action by the vibration of 
the particles to affect in a similar manner the 
daatieity of the medium of light, and if we con- 
ecive the d^ree of development of that cause to 
depend upon time, we shall have a sufficient ex- 
pbnatiMm of the unequal refrangibility of different 
cbloared rays.* Even should this view be objec- 
timiifcble, instead of being surprised that one dis- 
erepant case should occur, it is astonishing to find 
Am theoiy bo nearly complete, if it be considered: 
Aat BO subject in the whole course of physico— 
madiematical inqdry is more abstruse than the' 
doctrine of the propagation of motion through 
dtatie media, perpetually requiring the aid of 
analogy from the unconquerable difficulties of the 
vabjecti 
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SECTION XXV. 

It is not by vision alone that a knowledge of the 
sun's rays is acquired, — touch proves that thej 
have the power of raising the temperature of wb- 
stances exposed to their action ; and expeqeiios 
likewise teaches that remarkable changes are 
effected by their chemical agency. Sir Williazu 
Herschel discovered that rays of caloric, which 
produce the sensation of heat, exist independently 
of those of light; when he used a prism of flint 
glass, he found the warm rays most abundant v^ 
the dark space a little beyond the red extremiljf 
of the solar spectrum, from whence they dfir 
crease towards the violet, beyond whict they axp 
insensible. It may therefore be concluded thfut 
the calorific rays vary in refrangibility, and ihtj^ 
those beyond the extreme red are less re&angiU^ 
than any rays of light. Wollaston, Eitter, and 
Beckman discovered simultaneously that invisibly 
rays, known only by their chemical action, exist 
in the dark space beyond the extrepie violet, where 
there is no sensible heat : these are more refran- 
gible than any of the rays of light or heat, and 
gradually decrease in refrangibility towards tl^ 
other end of the spectrum, where they cease. 
Thus the solar spectrum is proved to consist of 
five superposed spectra, only three of which are 



:* * ■ .1.-. •• I 



kprit: t- i;:i.. v:;:r.;-^.- - : . ..-..o;il, ami ul 
tiir c-.ii-.r nv ik 'j^. -.: -.-. 'I ■ . ...timi of ihi: 

■ 

clierLi'jL" ravb uia...-:.? -.: • • :. • : M/.ir, ana 
thtir ii::.;:e:ivv: i; :!- - • : :: : .'...^x^'mmv- 
taVit c- . uTt : \M.L- • ...•• L.'. »'.v>i:iud t«i 

BCC'H-'.'i-L iTi :.:- - " :. • • i* .:c Tvuiain- 
uiik:..'.":.. V.-vi: C'.r. . .. r. . .• • • .rv o\i>trurc 

flie cal'.Tinc rav-. T*. ■ . • ". •.•.*-: r '111101111: nr*-. 

; ttist iiidependei::/." : ..,:. .- i :.. .::t.T t>f c«»u>taii*. 

? experience in the 'i'" i:*. '.'.iv." -r...??: -ii <»f ilu'iii ii*:-. 

• fcnlinjr water, ve: :r.-rr= .i i-.^rv roasim to K '*.• ■••• 

1 that both the cal- rif.c :i:i I cheniical ravs ar*- :: • 

I fications of the san^e airent which pT'»<\i. • 
Rnsation of licrht. The ravs of heat ji'- 
to the same laws of reflection and rvVr . 
Aose of light ; they pass tliroueh Tt 
the same facility, but a remark:. .. 
obtains in the transmission of '.:. ' 
through most solid and liquid sxil*-*-^ 
hody being often perfectly tran??--- 
nous, and altogether inipcrrnca-. 

nya. The exj.crinients f>f -\f 

that glass, however thin, ' *•■ 

obscure ravs of caloric -v...- 



230 COKNBXION OF THIC 

body whose temperature is lower tban that o^ 
ing water ; that, as the temperatuie increasesy %:; 
calorific rays are transmitted more and more tbi^ 
dantly ; and when the body becomes highly Imm'- 
nons, that they penetrate the glass with perfect 
ease. The very feeble heat of moonlight miut bl 
incapable of penetrating glass, consequently il 
does not sensibly affect the thermometer, even 
when concentrated ; and, on the contrary, the ex- 
treme brilliancy of the sun is probably the reason 
why his heat, when brought to a focus by a lens, 
is more intense than any that can be prodaoed 
artificially; and it is owing to the same came 
that glass screens, which entirely exclude the heil 
of a common fire, are permeable by the sofaa 
caloric. 

The results of de Laroche have been confirmed 
by the recent experiments of M. Melloni, whence 
it appears that the calorific rays pass less abun- 
dantly, not only through glass, but through xock« 
crystal, Iceland spar, and other diaphanous bodiea^ 
both solid and liquid, according as the tempea<* 
ture of their origin is diminished, and that thej 
are altogether intercepted when the temperatnvc 
is about that of boiling water. It is singular that 
transparency with regard to light is totally difkat' 
ent from the power of transmitting heat To 
bodies possessing the same degree of transparency 
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Since the power of penetrating glass increases 
in proportion as the radiating caloric approaches 
the state of light, it seemed to indicate that the 
sanxe principle takes the form of light or heat 
according to the modification it receives, and that 
the hot rays are only invisible light, and .light 
liuninous caloric; and it was natural to infer that, 
in the gradual approach of invisible caloric to the 
condition and properties of luminous caloric, the 
invisible rays must at first be analogous to the 
least calorific part of the spectrum, which is at the 
violet extremity, an analogy which appeared to be 
greater, by all flame being at. first violet or blue, 
and only becoming white when it has attained 
the greatest intensity. Thus, as diaphanous 
bodies transmit light with the same facility whe- 
ther, proceeding from the sun or from a glow-worm, 
and that no substance had hitherto been found 
which instantaneously transmits radiant caloric 
coming from a source of low temperature, it was 
concluded that no such substance exists, and 
the great difference between the transmission of 
light and radiant heat was thus referred to the 
nature of the agent of heat, and not to the action 
of matter upon the calorific rays. M. Melloni 
has, however, discovered in rock-salt a substance 
which transmits radiant heat with the same faci- 
lity whether it originates in the brightest flame 
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or Inke-warm water, and which consequently ]K)b- 
sesses the same permeability witli rcficard to heat 
that all diaphanous bodies have for light. It fol- 
lows, therefore, that the in4)ermcability of glass and 
other substances for heat arises from their action 
upon the calorific rays, and not from the principle 
of heat. But, although this discovery changes tlie 
received ideas drawn from dc Larochc's cxiHsri- 
ments, it establishes a new and unlnnke<Ufor 
analc^ between these two great agents of nature. 
The probability of light am\ heat l)cing modifi- 
cations of the same principle is not diminislied 
by the calorific rays lx;ing unseen, for the 
condition of visibility or invisiljility may only 
depend upon the construction of our eyes, and 
not upon the nature of the agent which pro- 
duces these sensations in us. The sense of 
seeing, like that of hearing, may })e confined 
within certain limits ; the chemical rays Vicyond 
the violet end of the spectrum may be too rapid 
or not sufficiraitly excursive in their vibrations to 
be visible to the hirnian eye; and the calorific 
rays beyond the other end of the spectrum may 
not be sutficiently rapid or too extensive in their 
undulations to aifect our optic nerves, though both 
may be visible to certain animals or insects. We 
are altogether ignorant of the perceptions wliicli 
direct the carrier-pigeon to his home, and t\\e. 
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Tidture to Ins prey, before be bimself is Tinble 
even as a speck in tbe beaTeDs; or of tboee m 
the aBtemue of insects wbicb warn tbem of liie 
appioacb of danger: so likewise beii^ mmj 
exist on eartb, in tbe air, or in tbe waters, wbiek 
bear sounds oar ears are incapable of bearings 
and wbicb see rays of light and heat of wbicb we 
are nnconscioaB. Our perceptions and faculties 
are limited to avery small portion of that immense 
chain of existence which extends from tbe Creator 
to evanescence. Tbe identity of action under 
ebnilar circmnstances is one of the strongest argu- 
ments in £sivour of the common nature of the 
chemical, visible, and calorific rays. They are all 
capable of reflection from polished surfaces, of 
refraction through diaphanous substances, of po- 
larization by reflection and by doubly refractii^ 
crystals; none of these rays add sensibly to tbe 
weight of matter ; their velocity is prodigious, they 
may be concentrated and dispersed by convex 
and concave mirrors; light and heat pass with 
equal facility through rock-salt, and both are ca- 
pable of radiation ; the chemical rays are subject 
to the same law of interference with those of 
light ; and although the interference of the calo- 
rific rays has not yet been proved, there is no 
ireason to suppose that they difier from the others 
in this instance. As the action of matter in so 



FHTSICAL SCIENCES. 235 

many cases is the same on the whole assemblage 
of rays, visible and invisible, which constitute a 
solar beam, it is more than probable that the 
obscure, as well as the luminous part, is propft- 
gated by the undulations of an imponderable ether, 
and consequently comes under the same laws of 
analysis. 

liquids, the various kinds of glass, and probably 
all substances, whether solid or liquid, that do 
not crystallize regularly, are more pervious to the 
calorific rays according as they possess a greater 
lefracting power. For example, the chlorid of 
sulphur, which has a high refracting power, trans* 
mits more of the calorific rays than the oils which 
have a less refracting power : oils transmit more 
ladiant heat than the abids, the acids more than 
aqueous solutions, and the latter more than pure 
irater, which, of all the series, has the least refract- 
ing power, and is the least pervious to heat. M. 
Melloni observed also that each ray of the solar 
spectrum follows the same law of action with that 
of terrestrial rays having their origin in soiurces of 
different temperatures, so that the very refrangible 
rays may be compared to the heat emanating from 
a focus of high temperature, and the least refran- 
gible to the heat which comes from a source of 
low temperature. Thus, if the calorific rays 
emerging from a prism be made to pass thxo\x^ n. 
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layer of water contained between two plates of 
glass, it will be found that these rays suffer a loss 
in passing through the liquid as much greater as 
their refrangibility is less. The rays of heat that 
are mixed with the blue or violet light pass in 
great abundance, while those in the obscure part 
which follows the red light are almost totally in- 
tercepted. The first, therefore, act like the heat 
of a lamp,' and the last like that of boiling water, 
r These circumstances explain the phenomena 
observed. by several philosophers with regard to 
the point of greatest heat in the. solar spectrunr, 
which varies with the substance of the prism. It 
has already been observed that Sir William Her- 
schel, who employed a prism of flint glass, found 
that point to be a little beyond the red extremity 
of the spectrum, but, according to M. Seebeck, it 
is found to be upon the yellow, upon the orange, 
on the red, or at the dark limit of the red, accord- 
ing as the prism consists of water, sulphuric 
acid, crown or flint glass. If it be recollected 
that, in the spectrum from crown glass, the 
maximum heat is in the red part, and that the 
solar rays, in traversing a mass of water, sufler 
losses inversely as their refrangibility, it will be 
easy to understand the reason of the phenomenon 
in question. The solar heat which comes to the 
anterior face of the prism of water consists of rays 
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of all degrees of refrangibility. Now, the rays 
possessing the same index of refraction with the 
red light suffer a greater loss in passing through 
the prism than the rays possessing the refrangibi- 
lity of the orange light, and the latter lose less in 
their passage than the heat of the yellow. Thus, 
the losses, being inversely proportional to the 
degree of refrangibility of each ray, cause the 
point of maximum heat to tend from the red 
towards the violet, and therefore it rests upon the 
yellow part. The prism of sulphuric acid, acting 
similarly, but with less energy than that of water; 
throws the point of greatest heat on the orange ; 
for the same reason the crown and flint glass 
prisms transfer that point respectively to the red 
and to its limit. M. Melloni, observing that the 
maximum point of heat is transferred farther and 
further towards the red end of the spectrum, ac- 
cording as the substance of the prism is more and 
more permeable to heat, inferred that a prism 
df . rock-salt, which possesses a greater power of 
transmitting the calorific rays than any known 
body, ought to throw the point of greatest heat to 
a considerable distance beyond the visible part of 
the spectrum — an anticipation which experiment 
fiilly confirmed, by placing it as much beyond the 
dark limit of the red rays as the red part is distant 
from the bluish-green band of the spectrum. 
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When radiant heat falls upon a surface, part a£ 
it is reflected and part of it is ahsorbed, conse* 
quently the best reflectors possess the least absorb* 
ing powers. The absorption of the sun's rayt 
is the cause both of the colour and temperature 
of solid bodies. A black substance absorbs all 
the rays of light, and reflects none; and since it 
absorbs at the same time all the calorific rays, it 
becomes sooner warm, and rises to a higher tern* 
perature, than bodies of any other coloin:. Blue 
bodies come next to black in their power of ab» 
sorption. Of all the colours of the solar spectrum, 
the blue possesses least of the heating power; and 
since substances of a blue tint absorb all the other 
colours of the spectrum, they absorb by far .the 
greatest part of the calorific rays, and reflect the 
blue where they are least abundant. Next in 
order come the green, yellow, red, and, last of all, 
white bodies, which reflect nearly all the rays both 
of light and heat. The temperature of very trans- 
parent fluids is not raised by the passage of the 
sun's rays, because they do not absorb any of 
them, and as his heat is very intense, transparent 
solids arrest a very small portion of it. 

Rays of heat proceed in diverging straight lines 
from each point in the surfaces of hot bodies, in 
the same manner as diverging rays of light dart 
from every point of the surfaces of those that are 
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knninouB. Heated substances, when exposed to 
the open air, continue to radiate caloric till they 
bec<Hne nearly of the temperature of the surround-* 
'mg medium. The radiation is very rapid at first, 
bat diminishes, according to a known law, with the 
temperature of the heated body. It appears also 
that the radiating power of a surface is inversely 
as its reflecting power ; and bodies that are most 
impermeable to heat radiate least. According to the 
eirperiments of Sir John Leslie, radiation proceeds 
not only from the surfaces of substances, but alse 
fiiem the particles at a minute depth below it. He 
leiHid that the emission is most abundant in a di'» 
reetion perpendicular to the radiating surface, and 
is more rapid from a rough than from a polished 
sw&ce : radiation, however, can only take place 
ia air and in vacuo ; it is altogether insensible 
when the hot body is inclosed in a solid or liquid. 
AH Bubstances may be considered to radiate calo- 
ric, whatever their temperature may be, though 
with different intensities, according to their nature, 
the state of their surfaces, and the temperature of 
the medium into which they are brought. But 
every surface absorbs, as well as radiates, caloric; 
and the power of absorption is always equal to 
that of radiation, for it is found that, under tte 
same circumstances, matter which becomes soon 
waim also coels rapidly. There is a constant 
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tendency to an equal difiusion of caloric, since 
every body in nature id giving and receiving it at 
the same instant ; each will be of uniform tem- 
perature when the quantities of caloric given and 
received during the same time are equal, that is, 
when a perfect compensation takes place between 
each and all the rest. Our sensations only mea* 
sure comparative degrees of heat : when a body, 
such as ice, appears cold, it imparts fewer calorific 
rays than it receives ; and when a substance seems 
to be warm, — ^for example, a fire, — it gives more 
caloric than it takes. The phenomena of dew and 
hoar-frost are owing to this inequality of exchange, 
for the caloric radiated during the night by sub- 
stances on the surface of the earth into a clear 
expanse of sky is lost, and no return is made from 
the blue vault, so that their temperature sinks 
below that of the air, from whence they abstract a 
part of that caloric which holds the atmospheric 
humidity in solution, and a deposition of dew 
takes place. If the radiation be great, the dew is 
frozen, and becomes hoar-frost, which is the ice 
of dew. Cloudy weather is unfavourable to the 
formation of dew, by preventing the free radiation 
of caloric, and actual contact is requisite for its 
deposition, since it is never suspended in the air^ 
like fog. Plants derive a great part of their 
nourishment from this soiu-ce; and as each pos- 
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a power of radiation peculiar to itself, they 
are capable of procuring a sufficient supply for 
their wanti. 

Rain is formed by the mixing of two masses of 
air of different temperatures ; the colder part, by 
abstracting from the other the heat which holds 
it in- solution, occasions the particles to approach 
each -other and form drops of water, which, be- 
coming too' heavy to be sustained by the atmo- 
sphere, sink to the earth by gravitation in the 
form of rain. The contact of two strata of air of 
difierent temperatures, moving rapidly in opposite 
directions, occasions an abundant precipitation of 
rain. 

An accumulation of caloric invariably produces 
light: with the exception of the gases, all bodies 
which can endure the requisite degree of heat 
without decomposition begin to emit light at the 
same temperature ; but when the quantity of calo- 
ric is so great as to render the affinity of their 
component particles less than their affinity fur the 
f)xygen of the atmosphere, a chemical combination 
takes place with the ox}'gen; light and heat are 
evolved, and fire is produced. Combustion — so 
essential for our comfort, and even existence — takes 
place very easily from the small affinity between 
the compoiient parts of atmospheric air, the oxy- 
gen being nearly in a iree state; but as the cohe- 
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sive force of the particles of diffiBrent Babstacnoes 
is very variable, different d^preea of heat axe reqai- 
site to produce their combustion. The tendmcy 
of heat to a state of equal diffusion or equilibrium, 
either by radiation or contact, makes it necessaiy 
ibat the chemical combination which occasioiit 
combustion should take place instantaneously; for 
if the heat were developed progressively, it would 
be dissipated by degrees, and would never aoca« 
mulate sufficiently to produce a temperature high 
enough for the evolution of flame. 

Though it is a general law that all bodies 
pand by heat and contract by cold, yet the 
lute change depends upon the nature of the jMib- 
^tance. Oases expand more than liquids, and 
liquids more than solids. The expansion of air is 
more than eight times that of water, and the 
increase in the bulk of water is at least forty-five 
times greater than that of iron. The expsn* 
sion of solids and liquids increases uniformly 
with the temperature, between certain limits, 
this change of bulk, corresponding to the varia- 
tion of heat, is one of the most important of 
its effects, since it furnishes the means of mea- 
suring relative temperature by the thermometer 
and pyrometer. The expansive force of caloric 
has a constant tendency to overcome the attraction 
of cohesion, and to separate the constituent psx^ 
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ticin «£ aolidi and fluids; by thb seinzmtion the 
ftadiOB of aggngKtkn u more and more weak- 
CMip tfll at laat it ia cnarelj oYercome, or crcn 
Amyd mio wpaimaa. By the condnuai addi- 
tin a£ cakne, aolida may be made to pass into 
bqindi^ and firam liqiiida to the aerifonn state, the 
Jhtati o n incnaaing with the temperature; but 
eioy Bobataiioe ezpanda according to a law of its 
own. Metala dibte unifbnnly from the freezing 
tD the boiling points of the thermometer ; the 
mifam expanaioii of the gases extends between 
ttiQ wider limita ; but as liquidity is a state of 
tnmaitian from the aolid to the aSriform condition, 
tke eqfoable dilatation of liquids has uot so exten- 
a nnge. The rate of expansion of solids 
at their transition to liquidity, and that of 
Kqoida ia no longer equable near their change to 
aa aiEnfonn state. There are exceptions, however, 
to the general laws of expansion ; some liquids 
have a maximum density corresponding to a cer- 
taia temperature, and dilate whether that tempera- 
tnie be increased or diminished. For example, — 
water expands whether it be heated above or cooled 
below 40P. The solidification of some liquids, 
and especially their crystallization, is always ac» 
eompanied by an increase of bulk. Water dilates 
rapidly when converted into ice, and \vith a force 
aafficicnt to split the hardest substances. The 

r2 
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foTmation of ice is therefore a powerful agent in 
the disintegration and decomposition of rocksy 
operating, as ope of the most efficient causes of 
local changes in the structure of the crust of the 
earth, of which we have experience in the tremen- 
dous ebotilemensof mountains in Switzerland. 
. Heat is propagated with more or less rapidity 
through all bodies.; air is the worst conductor, 
and consequently mitigates the severity of ccdd 
climates by preserving the heat imparted to the 
earth by the sun. On the contrary, dense bodies, 
especially metals, possess the power of conduction 
in the greatest degree, but the transmission re- 
quires time. If a bar of iron, twenty inches long, 
be heated at one extremity, the caloric takes four 
minutes in passing to the other. The particle of 
the metal that is first heated communicates its 
caloric to the second, and the second to the third ; 
so that the temperature of the intermediate mole- 
cule at any instant is increased by the excess of 
the temperature of the first above its own, and 
diminished by the. excess of its own temperature 
above that of the third. That, however, will not 
be the temperature indicated by the thermometer, 
because, as soon as the particle is more heated 
than the surroimding atmosphere, it will lose its 
caloric by radiation, in proportion to the excess 
of its actual temperature above that of the air. 
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The velocity of the discharge is directly pro- 
portional to the temperature, and inversely as 
the length of the bar. As there are perpetual 
variations in the temperature of all terrestrial 
substances, and of the atmosphere, from the rota- 
tion of the earth and its revolution round the sim, 
from combustion, friction, fermentation, electri- 
(dtyy and an infinity of other causes, the tendency 
to restore the equability of temperature by the 
transmission of caloric must maintain all the 
particles of matter in a state of perpetual oscilla- 
tion, which will be more or less rapid according 
to the conducting powers of the substances. From 
the motion of the heavenly bodies about their 
axes, and also round the sun, exposing them to 
perpetual changes of temperature, it may be in- 
ferred that similar causes will produce like effects 
in them too. The revolutions of the double stars 
show that they are not at rest, and though we are 
totally ignorant of the changes that may be going 
on in the nebulae and millions of other remote 
bodies, it is more than probable that they are not 
in absolute repose ; so that, as far as our know- 
ledge extends, motion seems to be a law of matter. 
Heat applied to the surface of a fluid is pro- 
pagated downwards very slowly, the warmer, and 
Consequently lighter strata always remaining at 
the top. This is the reason why the water at the 
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bottom of lakes fed from alpine chains is so cold; 
for the heat of the sun is transfused but a little 
vf«y below the surface. When heat is applied 
below a liquid, the particles continually rise as 
they become specifically lighter^ in consequence 
of the caloric, and diffuse it through the mass^ 
their place being perpetually supplied by those 
that ave more dense. The power of conducting 
heat varies materially in different Hquids. Mer* 
cury conducts twice as fast as an equal bulk of 
water, which is the reason why it appears to be 
80 cold, A hot body difPiises its caloric in the air 
by a double process. The air in contact with it^ 
being heated, and becoming lighter, ascends and 
scatters its caloric, while at the same time another 
portion is discharged in straight lines by the radi- 
ating powers of the surface. Hence a substance 
cools more rapidly in air than in vacuo, because 
in the latter case the process is carried on by 
radiation alone. It is probable that the earth, 
having originally been of very high temperature, 
has become cooler by radiation only. The ethereal 
medium must be too rare to carry off much caloric. 
Besides the degree of heat indicated by the 
thermometer, caloric pervades bodies in an imper- 
ceptible or latent state; and their capacity for 
heat is so various, that very different quantities of 
caloric are required to raise different substances 
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to the same sensible temperature ; it is therefore 
evident that much of the caloric is absorbed, or 
latent and insensible to the thermometer. The 
portion of caloric requisite to raise a body to a 
given temperature is its s|>ecific heat ; but latent 
heat is that portion of caloric which is employed 
in changing the state of bodies from solid to liquid, 
and from liquid to vapour. When a solid is con* 
verted into a liquid, a greater quantity of caloric 
enters into it than can be detected by the thermo- 
meter; this accession of caloric does not make 
tbe body warmer, though it converts it into a 
liquid, and is the principal cause of its fluidity. 
Ice remains at the temperature of 32° of Fahren* 
hdt till it has combined with or absorbed 140^ 
of caloric, and then it melts, but without raising 
the temperature of the water above 32° ; so that 
water is a compound of ice and caloric. On the 
omtrary, when a liquid is converted into a solid, 
a quantity of caloric leaves it without any dimi- 
nution of its temperature. Water at the tem- 
perature of 32° must part with 140° of caloric 
before it freezes. The slowness with which water 
fieezes, or ice thaws, is a consequence of the time 
xequired to give out or absorb 140° of latent 
heat, A considerable degree of cold is often 
Ml during a thaw, because the ice, in its tran- 
sition from a solid to a liquid state, absorbs sen- 
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sible heat from the atmosphere and other bodies, 
and, by rendering it latent, maintains them -at 
the temperature of 32° while melting. - Accord- 
ing to the same principle, vapour is a combina- 
tion of caloric with a liquid. About . lOOQP^ of 
latent heat exists in steam without raising its 
temperature : that is, boiling water, at the tem- 
perature of 212°, must absorb about 1000° -of 
caloric before it becomes steam; and steam, at 
212° must part with the same quantity of latent 
tjaloric when condensed into water. The elasti- 
city of steam may be increased to an enormoas 
degree by increasing its temperature under pres- 
sure, yet its latent heat remains the same ; how- 
ever, it acquires an additional quantity, if allowed 
to expand ; so that the latent heat of high-pressure 
steam issuing from a boiler is really two-fold — the 
latent heat of elastic fluidity and that of expan- 
sion. High-pressure steam expands the instant 
it comes into the air ; the latent heat of expansion 
is increased at the expense of the latent heat of 
fluidity, in consequence of which, a portion of the 
steam is instantly condensed, and then the re- 
maining portion, being mixed with air and particles 
of water, is so much reduced in temperature, that 
the hand may be plunged, without injur}', into- 
high-pressure steam, the instant it issues from the 
orifice of a boiler. 
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' The latent heyat of air, and of all elastic fluids, 
may be forced out by sudden compression, like 
squeezing water out of a sponge. The quantity 
of : heat brought into action in this way is very 
well illustrated in the experiment of igniting a 
piece of tinder by the sudden compression of air by. 
a piston thrust into a cylinder closed at one end : 
the developement of heat on a stupendous scale 
is exhibited in lightning, which is produced by the 
yiolent compression of the atmosphere during, the 
passage of the electric fluid. Prodigious quanti-. 
ties of heat are constantly becoming latent, or are 
disengaged by the changes of condition to which 
substances are liable in passing from the solid to 
the. liquid, and from the liquid to the gaseous 
&rm, or the contrary, occasioning endless vicissi- 
tudes of temperature over the globe. 
. The application of heat to the various branches 
of the mechanical and chemical arts has, within a 
few years, efiected a greater change in the condi- 
tion, of man than had been accomplished in any 
equal period of his existence. Armed by the ex-, 
pansion and condensation of fluids with a power 
equal to that of the lightning itself, conquering 
time and space, he flies over plains, and travels 
9n paths cut by human industry even through 
mountains, with a velocity and smoothness more 
like planetary than terrestrial motion ; he crosses 
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the deep in oppcMsition to wind and tide; by 
releasing tbe strain on the cable, he rides -at 
anchor fearless of the storm; he makes the ele-' 
ments of air and water the carriers of warmth, not 
only to banish winter from his home, but to adorn 
it even during the snow-stprm with the blossoms 
of spring ; and like a mi^cian, he raises from the 
gloomy and deep abyss of the mine, the spirit oif 
light to dispel the midnight darkness. 

It has been observed that heat, like light and 
sound, probably consists in the imdulations of an 
elastic medium. All the principal phenomena of 
heat may actually be illustrated by a comparison 
with those of sound. The excitation of heat and 
sound are not only similar, but often identical, as 
in friction and percussion ; they are both commu- 
nicated by contact and radiation ; and Dr. Young 
observes, that the effect of radiant heat in rais- 
ing the temperature of a body upon which it 
falls resembles the sympathetic agitation of a 
string, when the sound of another string, which 
is in imison with it, is transmitted to it through 
the air. Light, heat, sound, and the waves of 
fluids, are all subject to the same laws of reflection, 
and, indeed, their undulatory theories are perfectly 
similar. If, therefore, we may judge from analogy, 
the undulations of some of the heat-producing rays 
must be less frequent than those of the extreme red 
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cf the sokr spectrum ; but if the analc^ were per* 
fbct, the interference of two hot rays ought to pro- 
duce coldy since darkness results frmn the inter- 
ference of two undulations of lights silence ensues 
from the interference of two undulations of sound; 
and still water, or no tide, is the consequence of 
the interference of two tides. The propagation of 
soimd, however, requires a much denser medium 
than that either of light or heat, its intensity dimi- 
nishes as the rarity of the air increases ; so that 
at a very small height above the surface of thtt 
earth, the noise of the tempest ceases, and the 
thunder is heard no more in those boundless re- 
gions where the heavenly bodies accomplish their 
periods in eternal and sublime silence. 

A consciousness of the fallacy of our judgment 
is one of the most important consequences of the 
study of nature. This study teaches us that 
no object is seen by us in its true place, owing 
to aberration; that the colours of substances 
are solely the effects of the action of matter upon 
hght, and that light itself, as well as heat and 
lound, are not real beings, but mere modes of 
action communicated to our perceptions by the 
nerves. The human frame may therefore be re- 
gtfded as an elastic system, the different parts 
if which are capable of receiving the tremors of 
dastic media, and of vibrating in unison with 
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any number of superposed' undulations, all of 
which have their perfect and independent e£Bect. 
Here our knowledge ends ; the mystcrioua influ- 
ence of matter on mind will in all probability 
be for ever hid from man. : . . 



SECTION XXVI. 

The sun and some of the planets appear to be 
surrounded with atmospheres of considerable den- 
sity. According to the observations of Schroeter, 
the atmosphere of Ceres is more than 668 miles 
high, and that of Pallas has an elevation of 465 
miles. It is remarkable that not a trace of atmo- 
sphere can be perceived in Vesta, and that Jupiter, 
Saturn, and Mars, have very little. The attrac- 
tion of the earth has probably deprived the moon 
of hers, foV the refractive power of the air at the 
surface of the earth is at least a thousand times 
as great as the refraction at the surface of the 
moon. The lunar atmosphere^ therefore, must be 
of a greater degree of rarity than can be produced 
by our best air-pumps; consequently no terres- 
trial animal could exist in it. 

What the body of the sun may be, it is impos- 
sible to conjecture ; but he seems to be surrounded 
by a mottled ocean of flame, through which his 
dark nucleus appears like black spots, often of 
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enonnous size. These spots are almost always 
comprised within a zone of the sun's surface,' 
whose hreadth, measured on a solar meridian, does 
not extend beyond 30^° on each side of his equator^ 
though they have been seen at the distance of 
39i-°.' From their extensive and rapid changes^ 
there is every reason to suppose that the exterior 
and incandescent part of the sun is gaseous. The 
solar rays probably arising from chemical pro- 
cesses that continually take place at his surface 
are transmitted through space in all directions;- 
but notwithstanding the sun's magnitude, and the 
inconceivable heat that must exist at his sur-' 
face, as the intensity both of his light and heat 
diminishes as the square of the distance in- 
creases, his kindly influence can hardly be felt 
at the boimdaries of our system. The power of 
the solar rays depends much upon the manner 
in which they fall, as we readily perceive from 
thi^ different climates on our globe. In winter 
the 'earth is nearer the sun by about a thirtieth 
than in summer, but the rays strike the northern 
hftmisphere more obliquely in winter than in the 
other half of the year. In Uranus the sun must 
be< seen like a small but brilliant star, not above 
tbe hundred and fiftieth part so bright as he ap- 
pears to us; but that is 2000 times brighter 
than OUT moon to us, so that he really is a sun to 



2M coKsmxias of tub 

Uranm, and probaUy imputi some d^m of 
wannth. Bnt if ire ooondertfaatvatcriroaMiiot 
lemain fluid in any part of Mats, evan at Ub 
equator, and that in the temperate soaca of the 
aame planet even alcohol and qnickflilTer would 
freeze, we may form some idea of the cold that 
must leign in Uranus, though it cannot exceed 
that of the surrounding space. 

It is found by experience that heat is devehqied 
in opaque and transluceDt suhatanoes by their 
aheorption of sdar lights but that the sun's rays 
do not alter the temperature of peifsctly tnnapar 
rent bodies through which they pass. Aa tibe 
temperature of the pellucid planetary space can- 
not be affected by the passage of the sun's light 
and heat, neither can it be raised by the heat ra- 
diated from the earth, consequently its tempera- 
ture must be invariable. The atmosphere on the 
contrary, gradually increasing in density tow^arda 
the siuface of the earth, becomes less pellucid, and 
therefore gradually increases in temperature both 
from the direct action of the sun, and from the 
radiation of the earth. Lambert had proved that 
the capacity of the atmosphere for heat varies 
according to the same law with its capacity for 
absorbing a ray of light passing through it from 
the zenith, whence M. Svanberg found that the 
temperature of space is 58° below the zero point 
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of Fahrenheit's thennometer; and from other re- 
searches, founded upon the rate and quantity of 
atmospheric refraction, he obtained a result which 
only differs from the preceding by half a degree. 
M. Fourier has arrived at nearly the same conclu- 
aion, from the law of the radiation of the heat of 
the terrestrial spheroid, on the hypothesis of its 
having nearly attained its limit of temperature in 
cooling down from its supposed primitive state of 
fusion. The difiference in the result of these three 
methods, totally independent of one another, only 
amounts to the frtustion of a d^ree. Thus, as the 
temperature of space is uniform, it follows that no 
part of Uranus can experience more than 90° of 
cold, which only exceeds that which Sir Edward 
Parry suffered during one day at Melville Island, 
by3?. 

The climate of Venus more nearly resembles 
that of the earth, though, excepting perhaps at her 
poks, much too hot for animal and v^table life 
as they exist here : but in Mercury, the mean 
heat, arising only from the intensity of the sun's 
nys, must be above that of boiling quicksilver, 
aiid water would boil even at his poles. Thus the 
planets, though kindred with the earth in motion 
and structure, are totally unfit for the habitation 
of such a being as man. 

The direct light of the sun has been estimated 
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to be equal to that of 5563 wax candles of mode" 
rate size, supposed to be placed at the distance of 
one foot from the object : that of the moon is 
probably only equal to the light of one candle at 
the distance of twelve feet; consequently the light 
of the sun is more than three hundred thousand 
times greater than that of the moon; for which 
reason the light of the moon either imparts no 
heat, or it is too feeble to penetrate the glass of 
the thermometer, even when brought to a focus* 
by a mirror. The intensity of the sun's light 
diminishes from the centre to the circumference of 
the solar disc ; but in the moon the gradation is 
reversed. 

Much has been done within a few years to 
ascertain the manner in which heat is distributed 
over the surface of our planet, and the variations 
of climate ; which in a general view mean every 
change of the atmosphere, such as of temperature, 
humidity, variations of barometric pressure, purity 
of air, the serenity of the heavens, the effects of 
winds, and electric tension. Temperature depends 
upon the property which all bodies possess, more 
or less, of perpetually absorbing and emitting or 
radiating heat. When the interchange is equal, 
the temperature. of a body remains the same; but 
when the radiation exceeds the absorption, it be- 
comes colder, and vice versd. But in order to 
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determine the distribution orf beat over the surface 
of tbe earth, it is necessary to find a standard by 
which the temperature in different latitudes may 
be compared. For that purpose it is requisite to 
ascertain by experiment the mean temperature of 
the day, of the month, and of the year, at as many 
pUices as possible throughout the earth. The 
annual average temperature may be found by add- 
ing the mean temperatures of all the months in 
the year, and dividing the sum by twelve. The 
average of ten or fifteen years will give it with 
tolerable accuracy ; for although the temperatiire 
in any place may be subject to very great varia- 
tions, yet it never deviates more than a few degrees 
from its mean state, which consequently offers 
good standard of comparison. 

If dimate depended solely upon the heat of the 
ran, all places having the same latitude would 
have the same mean annual temperature. The 
motion of the sun in the ecliptic, indeed, occasions 
perpetual variations in the length of the day, and 
in the direction of the rays with regard to the 
earth; yet, as the cause is periodic, the mean 
annual temperature from the sun's motion alone 
must be constant in each parallel of latitude. For 
it 18 evident that the acciunulation of heat in the 
long days of summer, which is but little diminished 
by radiation during the short nights, is balanced 

s 
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by the small quantity of heat received dnriog the 
short days in ^winter and its radiation in the long 
frosty and clear nights. In fact, if the globe were 
everywhere on a level with the surfiioe of the sea, 
and also of the same substance, so as to absorb 
heat equally, and radiate the same, the mean heat 
of the sun would be regularly distributed over its 
surface in zones of equal annual temperature pa- 
rallel to the equator, from which it woidd decreaie 
to each pole as the square of the cosine of the 
latitude ; and its quantity would only depend upon 
the altitudes of the sun, atmospheric currents, and 
the internal heat of the earth evinced by the Tast 
number of volcanos and hot springs, in evay 
region from the equator to the polar circles^ which 
has probably been cooling down to its present 
tstate for thousands of ages. The distribution of 
heat, however, in the same parallel is very irre- 
gular in all latitudes, except between the tropica, 
where the isothermal lines, or the lines passii^ 
through places of equal mean annual temperature, 
are parallel to the equator. The causes of dis- 
turbance are very numerous ; but such as have the 
greatest influence, according to Humboldt, to whom 
tve are indebted for the greater part of what is 
Icnown on the subject, are the elevation of the 
continents, the distribution of land and water over 
the flfurftce of the globe, exposing diffisient absorb- 
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ing and radiating powers; the variations in tbi^ 
anrface of the land, as forests, sandy deserts, vear* 
dant plains, rocks, &c, mountain-chains covered 
with masses of snow, which diminish the tempera- 
ture; the reverberation of the sun's rays in tihfr. 
valleys, which increases it; and the interchange- 
of currents, both of air and water, which mitigate . 
the rigour of climates ; the warm currents from 
the equator softening the severity of the polar 
£nost8, and the cold currents from the poles tem- 
pering the intense heat of the equatorial regions. 
To these may be added cultivation, though its influ- 
ence extends over but a small portion of the globe, 
only a fourth part of the land being inhabited. 

Temperature does not vary so much with lati- 
tude as with the height above the level of the seaf 
and the decrease, is more rapid in the higher strata 
€f the atmosphere than in the lower, because they 
an further removed from the radiation of the 
outh, and being highly rarefied, the heat is dif- 
foaed through a larger space. A portion of air 
it the mu&tce of the earth, whose temperature u 
W of Fahrenheit, if carried to the height of two 
wrilea and a half, will expand so much that its 
temperature will be reduced 50"^; and in the ethe- 
md regiona the temperature is 90° below the pomt 
gf congelation^ 
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creases from the equator to the poles, and is higher 
in summer than in winter; hut it varies from 
many circumstances. Snow rarely ^lls when the 
cold is intense and the atmosphere dry. Extensive 
forests produce moisture by their evaporation, and 
high table-lands, on the contrary, dry and warm 
the air. In the Cordilleras of the Andes, plains 
of only twenty-five square leagues raise the tem- 
perature as much as three or four d^rees above 
what is found at the same altitude on the rapid 
declivity of a mountain, consequently the line of 
perpetual snow varies according as one or other 
of these causes prevails. Aspect has also a great 
influence; the line of perpetual snow is much 
more elevated on the southern than on the north- 
em side of the Himalaya mountains ; but on the 
•whole it appears that the mean height between 
the tropics at which the snow lies perpetually 
is about 15207 feet above the level of the sea; 
whereas snow does not cover the ground continu- 
ally at the level of the sea till near the north pole. 
In the southern hemisphere, however, the cold is 
greater than in the northern. In Sandwich land, 
between the 54th and 56th degrees of latitude^ 
perpetual snow and ice extend to the sea-beach ; 
and in the island of St. George's, in the 53id 
degree of south latitude, which corresponds with 
the latitude of the central counties of England, 
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perpetual snow descends even to the level of the 
ocean. This preponderance of cold in the south- 
em hemisphere cannot be altogether attributed to 
the winter being longer than ours by so small a 
quantity as 7| days, even allowing to that its due 
influence; but it is probably owing to the open 
sea round the south pole, which permits the ice- 
bergs to descend to a lower latitude by ten degrees 
than they do in the northern hemisphere, on ac- 
count of the numerous obstructions opposed to 
them by the islands and continents about the 
north pole. Icebergs seldom float farther to the 
south than the Azores ; whereas those that come 
from the south pole descend as far as the Cape of 
Good Hope, and occasion a continual absorption 
of heat in melting. 

The influence of mountain-chains does not 
wholly depend upon the line of perpetual con- 
gelation; they attract and condense the vapours 
floating in the air, and send them down in torrents 
of rain ; they radiate heat into the atmosphere at 
a lower elevation, and increase the temperature of 
Ae valleys by the reflection of the sun's rays, and 
by the shelter they afford against prevailing winds. 
But, on the contrary, one of the most general and 
powerful causes of cold arising from the vicinity of 
mountains is the freezing currents of wind which 
mrii from their lofty peaks along the rapid dedi- 
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Vities, chilling the surromiding valleys : such is the 
cutting north wind called the bise in Switzerland. 
Next to elevation, the dififerenoe in the radiating 
and absorbing powers of the sea and land has the 
greatest influence in disturbii^ the regular distri- 
bution of heat The extent of the dry land is not 
above the fourth part of that of the ocean, so that 
the general temperature of the atmosphere, re- 
-garded as the result of the partial temperatures 
of the whole surface of the globe, is most power- 
fully modified by the sea ; besides, the ocean acts 
more uniformly on the atmosphere than the diver- 
sified surface of the solid mass does, both by the 
equality of its curvature and its homogeneity. In 
opaque substances the accumulation of heat is 
confined to the stratum nearest the surface; but 
the seas become less heated at their surface than 
the land, because the solar rays, before being ex- 
tinguished, penetrate the transpsrent liquid to a 
greater depth, and in greater numbers than in the 
opaque masses. On the other hand, water has a 
considerable radiating power, which, together with 
evaporation, would reduce the surface of the ociSan 
to a very low temperature, if the cold particles did 
not sink to the bottom, on account of their supe- 
rior density. The seas preserve a considerable 
portion of the heat they receive in summer, and, 
from their saltness, do not freeze so soon as fresh 
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wftter: so that, in consequence of all these cir- 
cumstances, the ocean is not subject to such vaii- 
ations of heat as the land ; and, by imparting its 
temperature to the winds, it diminishes the inten- 
flity of dimate on the coasts and in the islands 
which are never subject to such extremes of heat 
and cold as are experienced in the interior of con- 
tinents, though they are liable to fogs and raia 
iraWi the evaporation of the adjacent seaa. On 
each side of the equator, to the 48th degree of 
latitude, the sur&ce of the ocean is in general 
wanner than the air above it : the mean of the 
difEerence of temperature at noon and midnight k 
about 1^*37, the greatest deviation never exceed- 
ing from 0°'36 to 2^*16, which is much cooler 
than the air over the land. 

On land the temperature, depends upon the 
nature of the soil and its products, its habitual 
moiBtuie oar dryness. From the eastern extr^nitj 
of the Sahara desert quite across Africa, the 
soil IB almost entirely barren sand, and the Sahara 
desert itself without including Dafoux or Dongola» 
extends over an area of 194000 square leaguei^ 
equal to twice the area of the Mediterranean Sea» 
•ad raises the temperature of the air by radiation 
fipom 90^ to 100% which must have a most extern- 
five influence. On the contrary, vegetation coda 
the air by evaporation and the apparent radiatioii 
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of cold from the leaves of plantB, because they 
absorb more caloric than they g^ve out. The 
graminiferous plains of South America cover an 
extent ten times greater than France, occupying 
no less than about 50000 square leagues, which 
is more than the whole chain of the Andes, 
and all the scattered mountain-groups of Brazil : 
these, together with the plains of North America 
and the steppes of Europe and Asia, must have 
an extensive cooling effect on the atmosphere, if 
it be considered that, in calm and serene nights, 
they cause the thermometer to descend 12^ or 
14^, and that, in the meadows and heaths in 
England, the absorption of heat by the grass is 
sufficient to cause the temperature to sink to the 
point of congelation during the night for ten 
months in the year. Forests cool the air also by 
shading the ground from the rays of the sun, and 
by evaporation from the boughs. Hales found 
that the leaves of a single plant of helianthus, 
three feet high, exposed nearly forty feet of surface; 
and if it be considered that the woody regions of 
the river Amazons, and the higher part of the Oroo- 
noko, occupy an area of 260000 square leagues, 
some idea may be formed of the torrents of vapour 
which arise from the leaves of the forests all over 
the globe. However, the frigorific effects of their 
evaporation are counteracted in some measure by 
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ihe perfect calm which reigns in the tropical wil- 
dernesses. The innnmerable rivers, lakes, pools, 
and marshes interspersed through the continents 
absorb caloric, and cool the air by evaporation ; 
but on account of the chilled and dense particles 
sinking to the bottom, deep water diminishes the 
cold of winter, so long as ice is not formed. 

In consequence of the difference in the radiating 
and absorbing powers of the sea and land, their 
configuration greatly modifies the distribution of 
heat over the surface of the globe. Under the 
equator only one-sixth part of the circumference is 
land; and the superficial extent of land in the 
northern and southern hemispheres is in the pro- 
portion of three to one : the effect of this unequal 
division is greater in the temperate, than in the 
torrid zones, for the area of land in the northern 
temperate zone is to that in the southern as thir- 
teen to one, whereas the proportion of land between 
the equator and each tropic is as five to four; 
and it is a curious fact, noticed by Mr. Gardner, 
that only one twenty-seventh part of the land of 
the globe has land diametrically opposite to it. 
This disproportionate arrangement of the solid 
part of the globe has a powerful influence on the 
temperature of the southern hemisphere. But, 
besides these greater modifications, the peninsulas, 
promontories, and capes, running out into the 
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ocean, together with hays and intornaL aetSy iQ 
affect the temperature : to these may be added, the 
position of continental maaaea with regard to the 
cardinal points. All these diversities of land and 
water affect the temperature bj the agency of the 
winds. On this account the temperature is lower 
on the eastern coasts both of the New and Old 
World, than on the western; for» considering 
Europe as an island, the general temperature ia 
mild in proportion as the aspect is open to the 
western ocean, the superficial temperature of which, 
as £sr north as the 45^ and 50° of latitude, does 
not fall below 48° or 51° of Fahrenheit, even in 
middle of winter. On the contrary, the cold of 
Russia arises from its exposure to the northern 
and eastern winds ; but the European part of that 
empire has a less rigorous climate than the Asiatic, 
because the whole northern extremity of Europe 
is separated from the polar ice by a zone of open 
sea, whose winter temperature is much above that 
of a continental country under the same latitude. 

The interposition of the atmosphere modifies 
all the effects of the sun's heat ; but the earth 
communicates its temperature so slowly, that M 
Arago has occasionally found as much as fron 
14° to 18° of difference between the heat of the ao 
and that of the air two or three inches above it. 

The circumstances which have been enumerate 
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and many more,' concur in dutuiiying the regular 
distribution of heat oyer the globe, and occafdon 
numberiesfl local irregukritieB : neyerthdeas the 
mean annual temperature becomes gradually lonner 
from the equator to the poles; but the diminution 
ef mean heat is most ra|ftd between the 4QP 
and 45^ of latitude both in Europe and America, 
which accords perfectly with theory, whence it ap- 
pears that the variation in the square of the cosint 
ef the latitude which expresses the law of the 
change of temperature, is a maximum towards tile 
45^ of latitude. The mean annual temperature 
mider tiie line in Asia and America is about 814-^ 
of Fahrenheit ; in Africa it is said to be nearly 
89^. The dififeraice probably arises from the 
winds of Siberia and Canada, whose chilly infiu- 
enoe is sensibly felt in Asia and America, even 
within 18^ of the equator. 

The isothermal lines are parallel to the equator, 
tin about the 22^ of latitude on each side of it, 
where they begin to lose their parallelism, and 
continue to do so more and more as the lati- 
tude augments. With regard to the northern 
hemisphere, the isothermal line of 59° of Fahren» 
heit passes between Rome and Florence, in lati- 
tude 43^ ; and near Raleigh, in North Carolina, 
latitude 36° ; that of 50° of equal annual tempe- 
ntine runs through the Netherlands, latitude 51°; 
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and near Boston, in the United States, latitude 
42-J-^ ; that of 41^ passes near Stockhohn, latitude 
591°; and St. George's Bay, Newfoundland, lati- 
tude 48°; and lastly, the line of 32°, the freezing 
point of water, passes hetween Ulea, in Lapland, 
latitude 66°, and Table Bay, on the coast of Lar 
bradore, latitude 54°. 

Thus it appears, that the isothermal lines which 
are parallel to the equator for nearly 22°, after- 
wards deviate more and more ; and from the ob- 
servations of Sir Charles Giesecke in Greenland, 
of Mr. Scoresby in the Arctic seas, and also from 
those of Sir Edward Parry and Sir John Franklin, 
it is found that the isothermal lines of Europe and 
America entirely separate in the high latitudes, 
and surround two poles of maximum cold, one in 
America and the other in the north of Asia, neither 
of which coincides with the pole of the earth's 
rotation. These poles are both situate in about 
the eightieth parallel of north latitude ; the Trans-, 
atlantic pole is in the 100° of west longitude, about 
5° to the north of Sir Graham Moore's Bay, in 
the Polar Seas, and the Asiatic pole is in the 95° 
of east longitude, a little to the north of the Bay 
of Taimura, near the North-East Cape. Accord- 
ing to the estimation of Sir David Brewster, from 
the observations of M. de Humboldt and Captains 
Parry and Scoresby, the mean annual temperature 
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of the Asiatic pole is nearly 1** of Fahrenheit's 
thermometer, and that of the transatlantic pole 
ahout 3^-° below zero, whereas he supposes the 
mean annual temperature of the pole of rotation 
to be 4° or 5°. It is believed that two correspond- 
ing poles of maximum cold exist in the southern 
hemisphere, though observations are wanting to 
trace the course of the southern isothermal lines 
with the same accuracy as the northern. 

The isothermal lines, or such as pass through 
places where the mean annual temperature of the 
air is the same, do not always coincijle with the 
isogeothermal lines, which are those passing 
through places where the mean temperature of 
the ground is the same. The mean heat of the 
earth is determined from that of springs, and if 
the spring be on elevated ground, the temperature 
is reduced by computation to what it would be at 
the level of the sea, assuming that the heat of the 
soil varies according to the same law as the heat 
ai the atmosphere, which is about a degree of Fah- 
renheit's thermometer for every 656 feet. From 
a comparison of the temperature of numerous 
springs with that of the air. Sir David Brewster 
concludes that there is a particular line passing 
aearly through Berlin, at which the temperature 
of springs and that of the atmosphere coincide ; 
that in approaching the Arctic Circle the tempe* 



210 CONNEXION OF THE 

xature of springB is always higher than that of the 
air» while proceeding towaida the equator it is 
lower. He likewise found that the iBogeothenaal 
lines are always parallel to the isothermal Imes, 
consequently the same general formulse will serve 
to determine both, since the difference is a constant 
quantity, obtained by observation, and depending 
upon the distance of the place from the neutral 
isothermal line. These results are confirmed by 
the observations of M. Kup£fer, of Kasan, during 
his excursions to the north, which show that the 
European and the American portions of the iso- 
geothermal line of 32^ Fahrenheit actually sqpfr- 
rate, and go round the two poles of maximum cold. 
This traveller remarked also, that the temperature 
both of the air and of the soil decreases most rar 
pidly towards the 45^ of latitude. The tempe- 
rature of the ground at the equator is lower on the 
coasts and islands than in the interior of the con-* 
tinents; the warmest part is in the interior of 
Africa, but the temperature is obviously affected by 
the nature of the soil, especially if it be volcanic. 

It is evident that places may have the same 
mean annual temperature, and yet differ materially 
in dimate. In one the winters may be mild and 
the summers cool : whereas another may experir 
ence the extremes of heat and cold. lines past- 
ing through places having the same mean summer 
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or winter temperature, are neither paraUel to the 
isothermal, the geothermal lines, nor to one an- 
other, and they differ still more from the paral- 
lels of latitude. In Europe, the latitude of two 
places which have the same annual heat never 
difiers more than 8^ or 9^ ; whereas the difference 
in the latitude of those having the same mean 
winter temperature is sometimes as much as 18° 
or 19^. At Kasan, in the interior of Russia, in la- 
titude 55^*48, nearly the same with that of Edin- 
burgh, the mean annual temperature is ahout 
37**' 6; atEdinbui^hitis47°-84. At Kasan, the 
mean summer temperature is 64^*84, and that of 
winter 2^*12, whereas at Edinburgh the mean 
■ammer temperature is 58^*28, and that of winter 
38^*66. Whence it appears that the difference of 
winter temperature is much greater than that of 
lihe amnmer. At Quebec, the summers are as 
warm as those in Paris, and grapes sometimes 
Yipen in the open air ; whereas the winters are as 
■evere as in Petersburg; the snow lies five feet 
deep for several months, wheel-carriages cannot 
ht used, the ice is too hard for skating, travelling 
ja poibrmed in sledges, and frequently on the ice 
of the river St. Lawrence. The cold at Melville 
Island, on the 15th of January, 1820, according 
te Sir Edward Parry, was 55° below the zero of 
SUirenheit's thermometer^ only 3^ above the tern- 
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perature of the ethereal regions, yet the summer 
heat in these high latitudes is insupportable. 

SECTION XXVII. 

The gradusd decrease of temperature in the air 
and in the earth, from the equator to the poles, is 
clearly indicated by its influence on vegetation. 
In the valleys of the torrid zone, where the mean 
annual temperature is very high, and where there 
is abundance of moisture, nature adorns the soil 
with all the luxuriance of perpetual summer. The 
palm, the bombax ceiba, and a variety of magni- 
ficent trees, tower to the height of a himdred and 
fifty or two hundred feet above the banana, the 
bamboo, the arborescent fern, and numberless 
other tropical productions, so interlaced by creep- 
ing and parasitical plants, as often to present an 
impenetrable barrier. But the richness of vegeta- 
tion gradually diminishes with the temperature ; 
the splendour of the tropical forest is succeeded 
by the regions of the olive and vine ; these again 
yield to the verdant meadows of more temperate 
climes ; then follow the birch and the pine, which 
probably owe their existence in very high latitudes 
more to the warmth of the soil than to that of 
the air; but even these enduring plants become 
dwarfish, stunted shrubs, till a verdant carpet of 
mosses and lichens, enamelled with flowers, ex- 
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hibits the last signs of vegetable life during the 
short but fervent summers at the polar regions. 
Such is the effect of cold on the vegetable king- 
dom» that the numbers of species growing under 
the line and in the northern latitudes of 45^ and 
68^, are in the proportion of the numbers 12, 4, 
and 1. But notwithstanding the remarkable dif- 
ference between a tropical and polar Flora, mois- 
ture seems to be almost the only requisite for 
v^etation, since neither heat, cold, nor even dark- 
nCBB destroy the fertility of nature ; in salt plains 
and sandy deserts alone hopeless barrenness pre- 
vails. Plants grow on the borders of hot springs 
— they form the oases, wherever moisture exists, 
among the burning sands of Africa — they are 
found in caverns void of light, though generally 
blanched and feeble — the ocean teems with vege- 
tation — the snow itself not only produces a red 
alga, discovered by Saussure in the frozen decli- 
vities of the Alps, found in abundance by the 
author crossing the Col de Bonhomme from Savoy 
to Piedmont, and by the polar navigators in 
the arctic regions, but it affords shelter to the 
productions of those inhospitable climes, against 
the piercing winds that sweep over fields of ever- 
lasting ice. Those interesting mariners nar- 
rate that, under this cold defence, plants spring 
up, dissolve the snow a few inches round, and 
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that the part ahove, being again quiddy froina 
into a transpar^t sheet of ice, admits the son's 
rays, which warm and cheridx the plwrt in tUi 
natural hot-house, tiU the returning Bummer ran* 
ijNs such protection imnecessary. 

By far the greater part of the hundred and ten 
thousand known species of plants are indigenous 
in equinoctial America; Europe contains aibout 
half the number; Asia with its islands somewhat 
less than Europe ; New Holland, with the iabmds 
in the Pacific, still less ; and in Africa ihete aie 
fewer vegetable productions than in any part of 
the globe, of equal extent. Very few social plalit% 
«uch as grasses and heaths that cover large tncti 
of land, are to be found between the tropics, ex- 
cept on the sed coasts, and elevated plains. In 
the equatorial regions, where the heat is always 
great, the distribution of plants depends upon die 
mean annual temperature ; whereas in temperate 
zones the distribution is regulated in some degree 
by the summer heat. Some plants require a gentU 
warmth of long continuiance, others flourish most 
where the extremes of heat and cold are greater. 
The range of wheat is very great : it may be culti- 
vated as far north as the 6(f of latitude, but in 
the torrid zone, it will seldom form an ear below an 
elevation of 4500 feet above the level of the sea 
from the exuberance of vegetation ; nor will it ripen 



PHYSICAL SCUENCES. 215 

above the height of 10800 feet, though much de* 
fiends upon local circumstances. The best winea 
aie produced between the 30° and 45° of north 
latitude. But with regard to the vegetable king- 
dcnn, elevation is equivalent to latitude, as far aa 
temperature is concerned. In ascending the moun* 
taina of the torrid zone, the richness of the trOi> 
pical vegetation diminishes with the height; a 
BQCcesaion of plants similar, though not identical 
with those found in latitudes of corresponding 
mean temperature takes place ; the lofty foresta 
lose by degrees their splendour, stunted shruba 
nioeeed, till at last the progress of the lichen is 
checked by eternal snow. On the volcano .of 
Teneiifie, there are five successive zones, each pro* 
ducing a distinct race of plants. The first is the 
legion of vines, the next that of laurels, these are 
Allowed by the districts of pines, of mountain 
bnoBOi, and of grass ; the whole covering the dedi* 
lifty of -the peak through an extent of 11200 feet 
tfygpendieular height. 

Near the equator the oak flourishes at the height 
of :9M0 feet above the level of the sea, and on the 
kttf range of the Hymalaya the primula, the con* 
nUafia, and the veronica blossom, but not the 
frimflroee, the lily of the valley, or the veronica 
which adorn our meadows ; for although the her- 
hHEfam collected by Mr^ Moorcroft on his route 

T 2 
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from Neetee to Daba and Grarlope in Chinese Tar- 
taiy, at elevations as high or even higher than 
Montblanc, abounds in Alpine and European 
genera, the species are universally different, with 
the single exception of the rhodiola rosea, which is 
identical with the species that blooms in Scotland. 
It is not in this instance alone that similarity ni 
climate obtains without identity of productions; 
throughout the whole globe, a certain analogy 
both of structure and appearance is frequently 
discovered between plants under corresponding dx- 
cumstances, which are yet specifically different 
It is even said, that a distance of 25° of latitude 
occasions a total change not only of vegetable pro- 
ductions, but of organised beings. Certain it is, 
that each separate region both of land and water, 
from the frozen shores of the polar circles, to the 
burning regions of the torrid zone, possesses a flora 
of species peculiarly its own. The whole globe has 
been divided by botanical geographers into twenty- 
seven botanical districts, differing almost entirely 
in their specific vegetable productions ; the limits 
of which are most decided when they are separated 
by a wide expanse of ocean, mountain chains, 
sandy deserts, salt plains, or internal seas. A con- 
siderable number of plants are common to the 
northern regions of Asia, Europe, and America, 
where these continents almost unite ; but in ap- 
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proaching the south, the floras of these three great 
divisions of the globe differ more and more even 
in the same parallels of latitude, which shows that 
temperature alone is not the cause of the almost 
complete diversity of species that everywhere pre- 
vails. The floras of China, Siberia, Tartary, of 
the European district including central Europe 
and the coasts of the Mediterranean, and the ori- 
ental region, comprising the countries round the 
Black and Caspian Seas, all difler in specific cha- 
racter. Only twenty-four species were found by 
MM. Bonpland and Humboldt in equinoctial 
America, that are identical with those of the Old 
World; and Mr. Brown not only foimd that a 
peculiar vegetation exists in New Holland, be- 
tween the thirty-third and thirty-fifth parallels of 
south latitude, but that, at the eastern and western 
extremities of these parallels, not one species is 
common to both, and that certain genera also are 
almost entirely confined to these spots. The 
number of species common to Australia and Eu- 
iDpe are only 166 out of 4100, and probably some 
of these have been conveyed thither by the colo- 
prt8. This proportion exceeds what is observed 
m southem Africa, and from what has been already 
itated, the proportion of European species in equi- 
Boctial America is still less. 
Islands partake of the vegetation of the nearest 
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continentB, bat when very remote firom land tknr 
ilonus are altogether peculiar. The Aleutian 
ifAaudfr, extending between Asia and America, pai- 
take of the vegetation of die northern parts of both 
these continents, and may have served as a chan- 
nel of communication. In Madeira and TenerifSs, 
the plants of Portugal, Spain, the Azores, and of 
the north coast of Africa are found, and the Cana- 
ries contain a great number of plants belenging 
to the African coast. But each of these islands 
possesses a flora that exists nowhere dse,. and 
St. Helena, standing alone in the midst of die 
Atlantic ocean, out of sixty-one indigenous species^ 
produees only two or three recognised as belongiBg 
to any other part of the world. 

It appears from the investigations of HumboMt 
that between the tropics the monocotyledonowi 
plants, such as grasses and palms, which have 
only one seed-lobe, are to the dicotyledonous tribe, 
which have two seed-lobes, like most of the Ear 
ropean species, in the proportion of one to four ; in 
the temperate zones they are as one to six ; and is 
the arctic regions, where mosses and lichens, whicli 
form the lowest order of the vegetable creatkm, 
abound, the proportion is as one to two. The an- 
nual monocotyledonous and dicotyledonons plants 
in the temperate zones amount to one-sixth of the 
whole, omitting the cryptogamia ; in the torrid sane 
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thej icaveely form one-twentieth, and in Lapland 
one-thirtieth part. In approaching the equator, the 
ligneous exceed the number of herbaceous plants ; 
in America, there are a hundred and twenty differ-' 
eat species of forest*trees, whereas in the same 
latitude in Europe only thirty-four are to be found. 
Similar laws appear to regulate the distribution 
of marine plants. M. Lamouroux has discovered 
that the groups of algae affect particular tempera- 
tuiea or zones of latitude, though some few genera 
prevail throughout the ocean. The polar Atlantic 
haain, to the 40^ of north latitude, presents a 
well-defined vegetation. The West Indian seas, 
including the gulf of Mexico, the eastern cgast of 
South America, the Indian ocean and its gulfs, 
the shores of New Holland, and the neighbouring 
idands, have each their assemblage of distinct 
i^pecies. The Mediterranean possesses a v^ta- 
tion peculiar to itself, extending to the Black Sea; 
and ib& species of marine plants on the coasts of 
Syria and in the port of Alexandria differ almost 
entirdy from those of Suez and the Red Sea, 
notwithstanding the proximity of their geogra* 
phical situation. It is observed that shallow seas 
have a difBsrent set of plants from such as are 
deeper and colder ; and, like terrestrial vegetation, 
tha algSB are most numerous towards the equator, 
where the quantity must be prodigious, if we may 
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judge from the gulf-weed, which certainly has its 
origin in the tropical seae, and is drifted, though 
not by the gulf-stream, to higher latitudes, where 
it accumulates in such quantities, that the early 
Portuguese navigators, Coliunbus and Lerius, com- 
pared the sea to extensively inundated meadows, 
in which it actually impeded their ships and 
alarmed their sailors. Humboldt, in his PersonaL 
Narrative, mentions, that the most extensive bank 
of sea-weed is in the northern Atlantic, a little 
west of the meridian of Fayal, onie of the Azores, 
between the 25° and 36° of latitude. Vessels 
returning to Europe from Monte Video, or from 
the Cape of Grood Hope, cross this bank nearly at 
an equal distance from the Antilles and Canary 
islands. The other occupies a smaller space, be- 
tween the 22° and 26° of north latitude, about 
eighty leagues west of the meridian of the Bahama 
'islands, and is generally traversed by vessels on 
their passage from the Caicos to the Bermuda 
islands. These masses consist chiefly of one or 
two species of Sai^assum, the most extensive ge- 
nus of the order Fucoideee. 

Some of the sea-weeds grow to the enormous 
length of several hundred feet, and all are highly 
coloured, though many of them must grow in the 
deep caverns of the ocean in total, or almost total 
darkness; light, however, may not be the only 
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principle on which the colour of vegetables de- 
pends, since Humboldt met with green plants 
growing in complete darkness at the bottom of 
one of the mines at Freuberg, 
. It appears that in the dark and tranquil caves 
of the ocean, on the shores alternately covered and 
deserted by the restless waves, on the lofty moun- 
tain and extended plain, in the chilly regions of 
the north, and in the genial warmth of the south, 
specific diversity is a general law of the vegetable 
kingdom, which cannot be accounted for by diver- 
sity of climate ; and yet the similarity though not 
identity of species is such, under the same isother- 
mal lines, that if the number of species belonging 
to one of the great families of plants be known in 
any part of the globe, the whole number of the 
phanerogamous or more perfect plants, and also 
the number of species composing the other vege- 
table families, may be estimated with considerable 
accuracy. 

Various opinions have been formed on the ori- 
ginal or primitive distribution of plants oyer the 
surface of the globe, but since botanical geogra- 
"phj became a regular science, the phenomena ob- 
twryed have led to the conclusion that vegetable 
creation must have taken place in a number of 
distinctly different centres, each of which was the 
original seat of a certain number of peculiar spe- 
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cies, which at first grew there and no where else. 
Heaths are exclusively confined to the old world, 
and no indigenous rose-tree has ever heen disco- 
vered in the new ; the whde southern hemisphere 
heing destitute of thatheautiful and fragrant plant. 
But this is still more confirmed hy multitudes 
of particular plants having an entirely local and 
insulated existence, growing spontaneously in some 
particular spot and in no other place; as, £otr ex- 
ample, the cedar of Lehanon, which grows indige- 
nously on that mountain and in no other part of 
the world. 

The same laws ohtain in the distrihution of the 
animal creation. The zoophite, occupying the 
lowest place in animated nature, is widely scattered 
through the seas of the torrid zone, each species 
heing confined to the district best fitted to its ex- 
istence. Shell-fish decrease in size and beauty with 
their distance from the equator ; and as far as is 
known, each sea has its own kind, and every basin 
of the ocean is inhabited by its peculiar tribe 
offish. Indeed, MM* Peron and Le Sueur assert, 
that among the many thousands of marine animals 
which they had examined, there is not a single 
animal of the southern regions which is not distin- 
guishable by essential characters from the analogous 
species in the northern seas. Reptiles are not ex- 
empt from the general law. The Saurian tribes of 
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the four quarters of the globe differ in species, and 
although warm countries abound in venomouB 
snakes, they are specifically different, and decrease 
both in the niunbers and in the virulence of their 
poison with decrease of temperature. The dia-. 
pension of insects necessarily follows that of the 
vegetables which supply them with food, and in 
general it is observed, that each kind of plant is 
peopled by its peculiar inhabitants. Each species 
of bird has its particular haunt, notwithstanding 
the locomotive powers of the winged tribes. The 
emu is confined to Australia, the condor never 
leaves the Andes, nor the great eagle the Alps;* 
and although some birds are common to every 
country, they are few in number. Quadrupeds 
are distributed in the same manner wherever man 
has not interfered. Such as are indigenous in one 
osntinent are not the same with their congeners in 
another ; and with the exception of some kinds of 
hatSy no warm-blooded animal is indigenous in the 
Polynesian Archipelago, nor in any of the islands 
OA the borders of the central part of the Pacific* 

In reviewing the infinite variety of organised 
l^eiags that people the surface of the globe, no* 
thing is more remarkable than the distinctions 
vfaidi characterise the different tribes of mankind, 
from the ebony skin of the torrid zone to the fair 
aid rnddy complexion of Scandinavia, a difference 
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which existed in the earliest recorded times, since 
the African is represented in the sacred writings 
to have been as black in the first ages of mankind 
as he is at the present day, and the most ancient 
Egyptian paintings confirm that truth; yet it 
appears from a comparison of the principal clr- 
ciunstances relating to the animal economy or 
physical character of the various tribes of man- 
kind, that the different races are identical in spe- 
cies. Many attempts have been made to trace the 
various, tribes back to a common origin, by col- 
lating the numerous languages which are, or have 
been, spoken. Some classes of these have few or 
no words in common, yet exhibit a remarkable 
analogy in the laws of their grammatical construc- 
tion. The languages spoken by the native Ameri- 
can nations afford examples of these ; indeed the 
refinement in the grammatical construction of the 
tongues of the American savages leads to the be- 
lief that they must originally have been spoken 
by a much more civilized class of mankind. Some 
tongues have little or no resemblance in structure, 
thoxigh they correspond extensively in their voca- 
bularies, as in the Syrian dialects. In all of these 
cases it may be inferred, that the nations speaking 
the languages in question are descended from the 
same stock; but the probability of a common 
origin is much greater in the Indo-European na- 
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tions, whose languages, such as the Sanscrit^ 
Greek, Latin, German, &c. have an affinity hoth 
in structure and correspondence of vocables. In 
many tongues not the smallest resemblance can be 
traced ; length of time, however, may have obliter- 
ated the original identity. The conclusion drawn 
from the whole investigation is, that although the 
distribution of organized beings does not follow the 
direction of the isothermal lines, temperature has 
a very great influence on their physical develops 
ment. Possibly, too, the nature of animated and 
inanimated creatures may be powerfully modified 
by the invisible agencies of electricity and mag- 
netism, which probably pervade all the particles 
of matter ; indeed the temperature of the air seems 
to be intimately connected with its electrical con- 
dition. 

SECTION XXVIII. 

Electricitt is one of those imponderable agents 
pervadii^ the earth and all substances, without 
affecting their volume or temperature, or even 
giving any visible sign of its existence when in a 
latent state, but when elicited, developing forces 
capable of producing the most sudden, violent, and 
destructive effects in some cases, while in others 
their action, though less energetic, is of indefinite 
and uninterrupted continuance. These modifica- 
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tions of the electric force, incidentally depending 
upon the manner in which it is excited, preseaDl 
phenomena of great diversity, but yet so connected 
as to justify the conclusion that they originate in 
a common principle. 

Electricity may be called into activity by me- 
chanical x>ower, by chemical action, by heat, and 
by magnetic influence ; but we are totally igno- 
rant why it is roused from its neutral state by 
such means, or of the manner of its existence in 
bodies ; whether it be a material agent, or merely 
a property of matter. However, as some hypo- 
thesis is necessary for explaining the phenomena 
observed, it is assumed to be a highly-elastic fluid, 
capable of moving with various degrees of fi&cility 
through the pores or even the substance of matter; 
and as experience shows that bodies in one electric 
state attract, and in another repel each other, the 
hypothesis of two kinds, called positive and n^a- 
tive electricity, is adopted, but whether there really 
be two difierent fluids, or that the mutual attrac- 
tion and repulsion of bodies arises from the re- 
dundancy and defect of their electricities, is of no 
consequence, since all the phenomena can be ex- 
plained on either hypothesis. As each electricity 
has its peculiar properties, the science may be di- 
vided into branches, of which the following notice 
is intended to convey some idea. 
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Substances in which the positive and negative 
electiicities are combined, being in a iieutral state, 
neither attract nor repel ; but there is a numerous 
cUiss called electrics, in which the electric equi- 
librium is destroyed by friction : then the positive 
and negative electricities are called into action or 
separated ; the positive is impelled in one direc- 
tion, and the negative in another; those of the 
same land repel, whereas those of different kinds 
attract each other. The attractive power is ex- 
actly equal to the repulsive force at equal dis- 
tances, and when not opposed, they coalesce with 
great rapidity and violence, producing the electric 
flash, explosion, and shock ; then equilibrium is 
ifNrtoied, and the electricity remains latent till 
•gain called forth by a new exciting cause. One 
kind of electricity cannot be evolved without the 
evolution of an equal quantity of the opposite 
kind: thus, when a glass rod is rubbed with 
a piece of silk, as much positive electricity is 
elicited in the glass as there is negative in 
the silk. The kind of electricity depends more 
upon the mechanical condition than on the na- 
tme of the surface, for when two plates of 
f^auBf one polished and the other rough, are 
fobbed against each other, the polished surface 
acquires positive, and the rough negative electri- 
city. The manner in which the friction is per- 
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formed also alters the kind of electricity. Equal 
lengths of black and white ribbon, applied longi- 
tudinally to one another, and drawn between the 
finger and thumb, so as to rub their surfaces 
together, become electric; when separated, the 
black ribbon is found to have acquired n^ative 
electricity, and the white positive : but if the 
whole length of the black ribbon be drawn across 
the breadth of the white, the black will be posi- 
tively, and the white negatively electric when sepa- 
rate. Electricity may be transferred from one body 
to another in the same manner as heat is commu- 
nicated, and, like it too, the body loses by the 
transmission. Although no substance is altogether 
impervious to the electric fluid, nor is there any 
that does not oppose some resistance to its passage, 
yet it moves with much more facility through a 
certain class of substances called conductors, such 
as metals, water, the human body, &c., than 
through atmospheric air, glass, silk, &c., which 
are therefore called non-conductors ; but the con- 
ducting power is affected both by temperature and 
moisture. 

Bodies surrounded with non-conductors are said 
to be insulated, because, when charged, the elec- 
tricity cannot escape ; but when that is not the 
case, the electricity is conveyed to the earth, which 
is formed of conducting matter ; consequently it 
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is impossible to accumulate electricity in a con<* 
ducting substance that is not insulated. There 
are a great many substances called non-electrics, 
in which electricity is not sensibly developed by 
friction, unless they be insulated, probably be-* 
cause it is carried off by their conducting power 
as soon as elicited. Metals, for example, which 
are said to be non-electrics, can be exgited, but, 
beiug conductors, they cannot retain this state if 
in communication with the earth. It is probable 
that no bodies exist which are either perfect non- 
electrics or perfect non-conductors ; but it is evi- 
dent that electrics must be non-conductors to a 
certain degree, otherwise they could not retain 
their electric state. 

It has been supposed that an insulated body re- 
maiiiB at rest, because the tension of the electricity, 
or its pressure on the air which restrains it, is 
equal on all sides ; but when a body in a similar 
state, and charged with the same kind of electri- 
city, approaches it, that the mutual repulsion of 
the particles of the electric fluid diminishes the 
pressure of the fluid on the air on the adjacent 
sides of the two bodies, and increases it on their 
xemote ends ; consequently that equilibrium will be 
destroyed, and the bodies, yielding to the actiotl 
of the preponderating force, will recede from or 
xepel each other. When, on the contrary, they 

\3 
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are charged with opposite diectricities, it is alleged 
that the pressure upon the air on the adjaceat aides 
-will he increased hy the mutual attraction of tiie 
particles of the electric fluid, and that on the far- 
ther sides diminished; consequently that the fcHce 
will urge the hodies towards one another, the mo- 
tion in hoth cases corresponding to the forces pn>> 
ducing it. An attempt has thus heen made to 
attrihute electrical attractions and repulaiona to 
the mechanical pressure of the atmosphere ; it is, 
however, more than douhtful whether these plie« 
nomena can he referred to that catise, hut certain 
it is that, whatever the nature of these forces may 
be, they are not impeded in their action by the 
intervention of any substance whatever, provided 
it be not itself in an electric state. 

A body charged with electricity, although per* 
fleetly insulated, so that all escape of electricity is 
precluded, tends to produce an electric state of the 
opposite kind in all bodies in its vicinity; positive 
electricity tends to produce negative electricity in 
B body near it, and vice vcrsa^ the effect being 
greater as the distance diminishes. This power 
which electricity possesses of causing an opposite 
electrical state in its vicinity is called induction. 
When a body charged with either species of elec- 
tricity is presented to a neutral one, its tendency, 
in consequence of the law of induction, is to dia- 
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tvah tlie electrical condition of the neutral body. 
The electrified body induces electricity contrary to 
its own in the adjacent part of the neutral one, 
and therefore an electrical state similar to its own 
in the remote part ; hence the neutrality of the 
second body is destroyed by the action of the first,, 
and the adjacent parts of the two, having now^ 
opposite electricities, will attract each other. The- 
attraction between electrified and unelectrified sub«^ 
Btances is therefore merely a consequence of their 
altered state, resulting directly from the law of 
indnction, and not an original law. The effects 
of induction depend upon the facility with which 
tiie equilibrium of the neutral state of a body can 
be overcome, a facility which is proportional to 
the conducting power of the body ; consequently, 
the attraction exerted by an electrified substance 
upon another substance previously neutral will be 
nodi more energetic if the latter be a conductor 
than if it be a non-conductor. 

Bie law of electrical attraction and repulsion 
has been determined by suspending a needle of 
gmn lac horizontally by a silk fibre, the needle 
carrying at one end a piece of electrified gold- 
leaf. A globe charged with the same, or with the 
Opposite Irind of electricity, when presented to the 
gold-leaf, will repel or attract it, and will therefore 
the needle to vibrate more or less rapidly 

V 2 
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according to the distance of the globe. A oom- 
parison of the number of oscillations performed h 
a given time, at different distances, will determine 
the law of the variation of the electrical intenrityj 
in the same manner that the force of gravitation 
is measured by the oscillations of the pendulmn< 
Coulomb invented an instrument which balances 
the forces in question by the force of the torsion 
of a thread, which consequently measures their 
intensity. By this method he found that the inten- 
sity of the electrical attraction and repulsion varies 
inversely as tlie square of the distance. Since elec- 
tricity can only be in equilibrio from the mutaal 
repulsion of its particles, — ^which, according to 
these experiments, varies inversely as the square 
of the distance, — its distribution in different bodies 
depends upon the laws of mechanics, and there- 
fore becomes a subject of analysis and calculation. 
The distribution of electricity has been so success^ 
fully determined by the analytical investigations of 
M. Poisson and Mr. Ivory, that all the computed 
phenomena have been confirmed by observation. 

It is found by direct experiment that a metallic 
globe or cylinder contains the same quantity of 
electricity when hollow that it does when solid ; 
therefore electricity is entirely confined to the 
surfaces of bodies, or, if it does penetrate their 
substance, the depth is inappreciable : conte- 
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quently the quantity bodies are capable of receiv-* 
ing does not follow the proportion of their bulk^ 
but depends principally upon the extent of surface 
over which it is spread ; so that the exterior may 
be positively or negatively electric, while the inte** 
lior is in a state of perfect neutrality. 

Electricity of either kind may be accumulated 
to a great extent in insulated bodies, and as long 
aa it is quiescent it occasions no sensible change 
iu their properties, though it is spread over their 
surfaces in indefinitely thin layers. When re- 
strained by the non-conducting power of the at- 
mosphere, the tension or pressure exerted by the 
electric fluid against the air which opposes ita 
escape is in the ratio compounded of the repulsive. 
£xrce of its own particles at the surface of the. 
stratum of the fluid and of the thickness of that 
stratum ; but as one of these elements is always 
proportional to the other, the total pressure on 
every point must be proportional to the square of 
the thickness. If this pressure be less than the 
coercive force of the air, the electricity is retained ; 
but the instant it exceeds that force in any one 
point the electricity escapes, which it will do when 
the air is attenuated, or becomes saturated with 
moisture. 

The power of retaining electricity depends also 
upon the shape of the body. It is most easily 
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retained by a sphere, next to that ly|^ a apheroid, 
but it readily escapes from a point; and, on the 
contrary, a pointed object receives it with most 
fJEunlity. It appears from analysis that electricity, 
when in equilibrio, spreads itself in a thin atratum 
over the surface of a sphere, in consequence ai the 
repulsion of its particles, which force is directed 
from the centre to the surface. In an oblong 
spheroid the intensity or thickness of the stratum 
of electricity at the extremities of the two axes is 
exactly in the proportion of the axes themselves; 
hence, when the ellipsoid is much elongated, the 
electricity becomes very feeble at the equator and 
powerful at the poles. A still greater difference 
in the intensities takes place in bodies of a cylin- 
drical or prismatic form, and the more so in pro- 
portion as their length exceeds their breadth; 
therefore the electrical intensity is very powerful 
at a point, where nearly the whole electricity in 
the body will be concentrated. 

A perfect conductor is not mechanically affected 
by the passage of electricity, if it be of sufficient 
size to carry off the whole ; but it is shivered to 
pieces in an instant, if it be too small to carry off 
the charge : this also happens to a bad conductor. 
In that case the physical change is generally a 
separation of the particles, though it may occa- 
sionally be attributed to chemical action, or ex* 
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pamioti from the heat eyolved during the passage 
of the fluid ; but all these effects are in propor*- 
tion to the obstacles opposed to the freedom of its 
coarse. The heat produced by the electric shoek 
is intense, fusing metals, and even volatilizing 
nibstances, though it is only, accompanied bj 
light when the fluid is obstructed in its passage. 
Electrical light is perfectly similar to solar light 
in its composition ; it seems to arise from the con- 
densation of the air, during the rapid motion of 
the electricity, and varies both in intensity and 
colour with the density of the atmosphere. Elec* 
tricity is occasionally produced by pressure and 
fimcture; several crystalline substances also be-> 
cnne electric when heated, especially tourmaline^ 
one end of which acquires positive, and the other, 
negative electricity, while the intermediate part is 
neutral; but when broken through the middle 
eaeh fragment is found to possess positive dec* 
tricity at one end^nd negative at the other, like 
dte entire crystal. Electricity is evolved by bodiea 
passing from a liquid to a solid state, also by the 
production and condensation of vapour, which ia 
OGmeqoently a great source of atmospheric dec- 
tiicily. 

The atmosphere, when dear, is almost always 
positivdy electric ; its electricity is stronger in 
winter than in summer, during the day than in 
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the night* The intensity increases for two or 
three hours from the time of sunrise, then decreasGi 
towards the middle of the day, and again augmoiti 
as the sun declines, till about the time of sunsett 
after which it diminishes, and continues feeble 
during the night. Atmospheric electricity arises 
£rom an evolution of the electric fluid during the 
evaporation that is so abundant at the surfeice of 
the earth ; and clouds probably owe their exist-* 
ence, or at least their form, to it^ for they consist 
of hollow vesicles of vapour coated with electricity; 
as the electricity is either entirely positive or ne- 
gative, the vesicles repel each other, which pre* 
vents them from uniting and falling down in rain* 
The friction of the surfaces of two strata of air 
moving in different directions, probably developes 
electricity ; and ii the strata be of different tem- 
peratures, a portion of the vapour they always 
contain will be deposited ; the electricity evolved 
"will be taken up by the vapour, and will cause it 
to assume the vesicular state constituting a cloud. 
A vast deal of electricity may be accumulated in 
this manner, which may either be positive or 
negative, and should two clouds charged vrith 
opposite kinds approach within a certain distance, 
the thickness of the coating of electricity will 
increase on the two sides of the clouds that are 
nearest to one another; and when the accumula- 
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tion becomes so great as to oyercome the coercive 
'jpressuTe of the atmosphere, a discharge takes 
place, -which occasions a flash of l^htning* The 
actual quantity of electricity in any one part of a 
cloud is extremely small ; the intensity of tli6 
(flash arises from the very great extent of sur&ce 
vOccupied by the electricity, so that the clouds may 
be compared to enormous Leyden jars thinly 
coated with the electric fluid, which only acquires 
its intensity by its instantaneous condensation. 

An interchange frequently takes place between 
the clouds and the earth, but on account of the 
extreme rapidity of lightning it is difficult to ascer- 
tain whether it goes from the clouds to the earth, or 
shoots upwards from the earth to the clouds, though 
there can be no doubt that it does both. M. Halyig 
measured the velocity of lightning by means of the 
camera lucida, and estimates that it is probably eight 
or USD. miles in a second, or abr)ut forty times greater 
tfafti^hat of sound ; and M. Gay-Lussac has ascer* 
tained that a flash of lightning sometimes darts 
more than three miles at once in a straight line* 

A person may be killed by lightning, although 
the explosion takes place at the distance of twenty 
miles, by what is called the back stroke. Suppose 
that the two extremities of a cloud highly charged 
^th electricity hang down towards the earth, they 
jnUl repel the electricity from the earth's sur&ce^ 
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if it be of the same kind with their own, and 
attract the other kind ; and if a discharge ahooUi 
suddenly take place at one end of the cleud, the 
equilibrium will instantly be restored by a flaah at 
that point <^ the earth which is under the other. ■ 
The pure air, at all times negatively electric, 
becomes intensely so on the approach of tain, 
mow, wind, hail, or sleet, but it afterwardB varies 
on opposite sides, and the transitions are veiy 
rapid on tibe approach of a thunder-storm. An 
inmlated conductor then gives out such quantities 
of sparks that it is dangerous to approach it, as was 
fieUally experienced by Professor Richman, at Pe- 
tersburg, who was struck dead by a globe of fixe 
from the extremity of a conductor, while making 
experiments on atmospheric electricity. There is 
no instance on record of an electric cloud being 
dispelled by a conducting rod silently withdraw- 
ing the electric fluid; yet it may mitigate the 
stroke, or render it harmless if it should come. 
Sir John Leslie observes, that the efficacy of 
conductors depends upon the rapidity with which 
they transmit the electric energy ; and as copper 
is found to transmit the fluid twenty times faster 
than iron, and as iron conducts it 400000000 times 
more rapidly than water, which conveys it several 
thousand times faster than dry stone, copper con^ 
jductors aflbrd the best protection, especially if they 
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expose a broad surface, since the electric fluid is 
conveyed chiefly along the exterior of bodies. Tie 
object of a conductor being to carry off the dec** 
tricity in case of a stroke, and not to invite an 
enemy, it ought to project very little, if atall^ 
above the building. 

■ The aurora borealis is decidedly an electrical ph&* 
nomenon, which takes place in the highest r^ions 
<of the atniosphere, since it is visible at the stuoDt^ 
time from places very far distant from each other^ 
It is somehow connected with the magnetic poles of 
the earth, but it has never been seen so far north 
as the pole of the earth's rotation, nor .does it 
extend to low latitudes. It generally appears in 
the form of a luminous arch, stretching more or 
less from east to west, but never from north to 
sonth ; across the arch the coruscations are rapid, 
vivid, and of various colours. A similar pheno- 
inenon occurs in the high latitudes of the southern 
hemisphere. Mr. Faraday conjectures that tht 
electric equilibrium of the earth is restored bj 
means of the aurora conveyingi the electricity from 
the poles to the equator. 
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SECTION XXIX. 

Galvanism is a peculiar kind of electricity, eli^ 
cited by the force of chemical action, instead of 
friction. It is connected with one of the most 
brilliant periods of British 8cience,fromthe splendid 
discoveries to which it led Sir Humphry Davy ; 
•but it has acquired additional interest since it haft 
been proved, by the reciprocal action of galvanic 
and magnetic currents, that magnetism has no 
existence as a distinct or separate principle, but ift 
only an effect of electricity : therefore, galvanism, 
iw immediately connected with the theory of the 
earth and planets, forms a part of the physical 
account of their nature. 

The disturbance of electric equilibrium, and a de- 
velopment of electricity, invariably accompanies th6 
chemical action of a fluid on metallic substances, 
and is most plentiful when that action occasions 
oxidation. Metals vary in the quantity of elec- 
tricity afforded by their combination with oxygen ; 
but the greatest abundance is developed by the 
oxidation of zinc by weak sulphuric acid ; and in 
conformity with the law, that one kind of elec- 
tricity cannot be evolved without an equal quantity 
of the other being brought into activity, it is found 
that the acid is positively, and the zinc negatively 
electric. It has not yet been ascertained why 
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equilibrium is not restored by the contact of these 
two substances, which are both conductors, and 
in opposite electrical states ; however, the electrical 
and chemical changes are so connected, that unless 
the equilibrium be restored, the action of the acid 
will go on languidly, or stop as soon as a certain 
quantity of electricity is accumulated in the acid^ 
The equilibriimi, however, will be restored, and 
the action of the acid will be continuous, if a plate 
of copper be placed in contact with the zinc, both 
being partly immersed in the fluid; for the copper^ 
not being acted upon by the acid, will serve as a 
conductor to convey the positive electricity from 
the acid to the zinc, and will at every instant 
restore the equilibrium, and then the oxidation of 
the zinc will go on rapidly. Thus three sub-* 
stances are concerned in forming a galvanic circuity 
but it is indispensable that one of them be a fluid* 
The electricity so obtained will be very feeble, but 
it may be augmented by increasing the number of 
plates. In the common galvanic battery, the elec- 
tiicity which the fluid has acquired from the first 
plate of zinc exposed to its action, is taken up ,by 
the copper plate belonging to the second pair, and 
transferred to the second zinc plate with which it 
is connected. This second plate of zinc having 
thus acquired a larger portion of electricity than 
its natural share, communicates a larger quantity 
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of electricity to the fluid in the second cell. This 
increased quantity is again transferred to the next 
pair of plates; and thus every succeeding alterna- 
tion is productive of a further increase in the 
quantity of the electricity developed. This action, 
however, would stop unless a vent were given to- 
the accumulated electricity, by establishing a com- 
munication between the positive and negative 
poles of the battery, by means of wires attached 
to the extreme plate at each end. When the 
wires are brought into contact, the galvanic cir- 
cuit is completed, the electricities meet and neu- 
tralize each other, producing the shock and other 
electrical phenomena, and then the electric cur- 
rent continues to flow uninterruptedly in the cir- 
cuit, as long as the chemical action lasts. The 
stream of positive electricity flows from the zinc 
to the copper, but as the battery ends in a zinc 
plate which communicates with the wire, the zinc 
end becomes the positive, and the copper the ne- 
gative poles of a compound battery, which is ex- 
actly the reverse of what obtains in a single circuit. 
Galvanic or voltaic, like common electricity, 
may either be considered to consist of two fluids 
passing in opposite directions through the circuit, 
the positive stream coming from the zinc, and the 
negative from the copper end of the battery ; or, 
if the hypothesis of one fluid be adopted, the zinc 
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end of the battery may be supposed to have aa 
excess of electricity, and the copper end a defi- 
ciency. 

Voltaic electricity is distinguished by two 
marked characters. Its intensity increases y/iih 
the number of plates — its quantity with the ex- 
tent of thieir surfaces. The most intense concen- 
tration of force is displayed by a numerous series of 
large plates, light and heat are copiously evolved, 
and chemical decomposition is accomplished with 
extraordinary energy; whereas, the electricity 
finom one pair of plates is so feeble, whatever their 
size may be, that it gives no sign either of attrac- 
tion or repulsion ; and, even with a battery con- 
sisting of a very great number of plates, it is 
difficult to render the mutual attraction of its two 
wires sensible, though of opposite electricities. 

The action of voltaic electricity differs mate- 
lially from that of the ordinary kind. When a 
qamtity of common electricity is accumulated, 
the restoration of equilibrium is attended by «a 
iratantaneous violent explosion, accompanied by 
the development of light, heat, and soimd. The 
conoentrated power of the fluid forces its way 
tihrough every obstacle, disrupting and destroying 
tiie cohesion of the particles of the bodies through 
iidiich it passes, and occasionally increasing its 
destructive effects by the conversion of fl^uids into 
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steam from the intensity of the momentary heat,. 
as when trees are torn to pieces by a stroke of 
lightning : even the vivid light which marks the 
path of the electric fluid is probably owing to 
the sudden compression of the air and other 
particles of matter during the rapidity of its 
passage; but the instant equilibrium is restored 
by this energetic action, the whole is at an end. 
On the contrary, when an accimiulation takea 
place in a voltaic battery, equilibrium is restored 
the moment the circuit is completed; but so far 
is the electric stream from being exhausted, that 
it continues to flow silently and invisibly in an 
uninterrupted current supplied by a perpetual re- 
production ; and although its action on bodies is. 
neither so sudden nor so intense as that of com- 
mon electricity, yet it acquires sucli power from 
constant accumulation and continued action, that 
it ultimately surpasses the energy of the other. 
The tl^•o kinds of electricity differ in no circum- 
stance more than in the development of heat. 
Instead of a momentary evolution, which seems to 
arise from a forcible compression of the particles 
of matter during the passage of the common elec- 
tric fluid, the circulation of the voltaic electricity 
is accompanied by a continued development of 
heat, lasting as long as the circuit is conipletCt 
without producing either light or sound ; and this 
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a]9pears to be its immediate direct effect, inde- 
pendent of mechanical action. Its intensity ia 
greater than that of any heat that can be obtained 
by artificial means, so that it fuses substances 
which resist the action of the most powerful fur-? 
naces. The temperature of every part of a gal- 
vanic battery Itself is raised during its activity. 

When the battery is powerful, the luminous 
effects of galvanism are very brilliant ; but con- 
siderable intensity is requisite to enable the elec- 
tricity to force its way through the air on bringing 
the wires together from the opposite poles. Its 
transit is accompanied by light, and in conse- 
quence of the continuous supply of the fluid, 
sparks occur every time the contact of the wires 
ia either broken or renewed. The most splendid 
artificial light known is produced by fixing pencils 
of charcoal at the extremities of the wires, and 
bringmg them mto contact. This light is the 
mote Tcmarkable as it appears to be independent 
of combustion, since the charcoal suffers no 
change, and likewise because it is equally vivid 
in such gases as do not contain oxygen. Though 
nearly as bright as solar light, it differs from it in 
poBsessing some of those rays of which the sun- 
beams are deficient, according to the experiments 
of M. Fraunhofer. Voltaic electricity is a power- 
fill agent in chemical analysis ; numerous instance.^ 
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might be given, but the decomposition of water ii 
perhaps the most simple and el^^t. Suppowa 
glass tube filled with very pure water, and coxiBod 
at both ends : if one of the wires of an active gal- 
vanic battery be made to pass throxi^h one cork^ 
and the other through the other cork, into the 
water, so that the extremities of the two wires ahall 
l)e opposite and about a quarter of an inch asimder, 
chemical action will immediately take plac^ and 
gas will continue to rise from the extremities of 
both wires till the water has vanished. If an 
electric spark be then sent through the tube, the 
water will reappear. By arranging the experi- 
ment so as to have the gas given out by eacb wiie 
separately, it is found that water consists of two 
parts of hydrogen and one of oxygen. The posi- 
tive wire of the battery has a stronger affinity fof 
oxygen than oxygen has for hydrogen ; it conse* 
quently combines with the oxygen of the virater, 
and sets the hydrogen free ; but as the negative 
wire has a stronger affinity for hydrogen than hy-* 
drogen has for oxygen, it combines with the hydro- 
gen of the water, and sets the oxygen free. If, 
therefore, an electric spark be sent through a mix- 
ture consisting of two parts of hydrogen and one 
of oxygen, the gases will combine and form water. 
The decomposition of the alkalies and eartha by 
Sir Humphry Davy, and all chemical changes pro* 
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dnced by the dectric fluid, are accomplished obl 
the same princixde, and it appears that, in general^ 
OHBbuBtible substances go to the n^ative wire, 
while, oxygen is evolved at the positive. The 
powerful efficacy of voltaic electricity in chemical 
decomposition arises from the continuance of its 
action, and its agency appears to be most exerted 
on fluids and substances which, by conveying the 
electricity partially and imperfectly, impede its 
progFesB. But it is now proved to be as effica^ 
ciouB in the composition as in the decomposition 
or analysis of bodies. 

It had been observed that, when metallic soIq- 
tioxiB are subjected to galvanic action, a deposition 
of metal, generally in the form of minute crystali^ 
takes place on the negative wire : by extending 
this principle, and employing a very feeble voltaie 
action, M. Becquerel has succeeded in forming 
crjitftl» of a great proportion of the mineral sub- 
stances precisely similar to those produced bj 
nsitare. The electric state of metallic veins 
ankes it poseable that many natiu'al crystals may 
Iswe takoi their form from the action of electricity 
brin^mg their ultunate particles, when in solution, 
irithin die narrow sphere of molecular attraction 
sbssdy mentioned as the great agent in the foFm-^ 
adon of solids. Both light and motion favour cry»- 
tdliBaitiixu Crystals which form in different liquidia 

X 1 
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are generally more abundant on the tide of the jar 
exposed to the light; and it is a well«-known hd 
that still water, cooled below 32^, starts into ciji- 
tals of ice the instant it is agitated* Light and 
motion are intimately connected with electricityi 
which may therefore have some influence on the 
laws of aggregation ; this is the more likely, as a 
feeble action is alone necessary, xnrovided it be 
continued for a sufficient time. Crystals formed 
rapidly are generally imperfect and soft, and M. 
Becquerel found that even years of constant voltaic 
action were necessary for the crystallization of 
some of the hard substances. If this law be gene- 
ral, how many ages may be required for the form- 
ation of a diamond ! 

Several fish possess the faculty of producing 
electrical effects. The most remarkable are the 
gymnotus electricus, found in South America, and 
the torpedo, a species of ray, frequent in the Me* 
diterranean. The absolute quantity of electricity 
brought into circulation by the torpedo is so g^reat 
that it effects the decomposition of water, hat 
power sufficient to make magnets, and gives very 
severe shocks ; it is identical in kind with that of 
the galvanic battery, the electricity of the under 
aurface of the fish being the same with the nega- 
tive pole, and that in the upper surface the same 
with the positive pole : its manner of action is, 
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howerver, somewhat different, for, although the 
evolution of the electricity is continued for a sen- 
sible time, it is interrupted, being communicated 
by h succession of discharges. 

■ 

SECTION XXX, 

In order to explain the other methods of exciting 
electricity, and the recent discoveries that have 
been made in that science, it is necessary to be 
acquainted with the general theory of magnetism^ 
and also with the magnetism of the earth, the 
director of the mariner's compass, and his guide 
through the ocean. Its influence extends over 
every part of the earth's surface, but its action on 
the magnetic needle determines the poles of thia 
great magnet, which by no means coincide with 
the> poles of the earth's rotation. In consequence 
of their attraction and repulsion, a needle freely 
suspended, whether it be magnetic or not, only 
remains in equilibrio when in the magnetic meri* 
dian, that is, in the plane which passes through 
the north and south magnetic poles. There are 
placea where the magnetic meridian coincides with 
the. terrestrial meridian; in these a magnetic 
needle freely suspended points to the true north; 
bat if it be carried successively to different places 
on the earth's surface, its direction will deviate 
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soxnetmieB to the east and BometimeB to the west 
of north. Lines drawn on the globe, through dl 
the places where the needle points due north and 
south, are called lines of no variation, and they 
are extremely complicated. The direction of the 
needle is not even constant in the same place, but 
changes in a few years according to a law not yet 
determined. In 1657, the line of no vafiation 
passed through London; from that time it hai 
moved slowly, but irregularly, westward, and is 
now in North America. In the year 1819, Sir 
Edward Parry, in his voyage to discover the north- 
west passage round America, sailed near the 
magnetic pole; and in 1824, Captain Lyon, on 
an expedition for the same purpose, found that 
the magnetic pole was then situate in 63® 26' 51" 
north latitude, and in 80° 51' 25" west longitade. 
It appears, from later researches, that the law of 
terrestrial magnetism is of considerable complexity 
and the existence of more than one magnetic 
pole in either hemisphere has been rendered highly 
probable ; that there is one in Siberia seems to be 
decided by the recent observations of M. Han- 
Bteen, — it is in longitude 102° east of Greenwich, 
and a little to the north of the 60th degree of 
latitude : so that, by these data, the two magnetic 
poles in the northern hemisphere are about 180° 
distant from each other ; but Captain Ross, who 
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18 juat returned from a voyage in the polar seas, 
has ascertained that the American magnetic pole 
is in 10° 14' north latitude, and 96° 40' west 
longitude. The magnetic equator does not ex-* 
aedy coincide with the terrestrial equator; it 
appears to be an irregular curve inclined to the 
earth's equator at an angle of about 12°, and 
crossing it in at least three points in longitude 
113° 14' west, and 66° 46' east of the meridian of 
Greenwich, and again somewhere between 156° 30^ 
of west longitude, and 116° east. 

The needle is also subject to diurnal variations ; 
in our latitudes it moves slowly eastward during 
the forenoon, and returns to its mean position 
about ten in the evening ; it then deviates to the 
weaiward, and again returns to its mean position 
about ten in the morning. M. Kup£fer, of Casan^ 
Mcertained, in the year 1831, that there is a 
nightly, as well as a diurnal variation, depending, 
in his opinion, upon a variation in the magnetic 
tquatOT. 

A magnetic needle, suspended so as to be 
moveable only in the vertical plane, dips, or 
tecomes more and more inclined to the horizon 
the nearer it is brought to the magnetic pole, and 
there becomes vertical. At the magnetic equator 
it is horizontal, and between these two positions 
it assumes every degree of inclination. Captain 
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Xiyon found that the dip in the latitude and loogi* 
tude mentioned, very near the magnetic pole, was 
86° 32', and Captain Segelke determined it to be 
69° 38' at Woolwich in 1830. According to Cap* 
tain Sabine, it appears to have been decreasing for 
the last £bfty years at the rate of three minutes 
annually. 

If a magnetised needle freely suspended, and at 
rest in the magnetic meridian, be drawn any 
number of degrees from its position, it will make 
a certain number of oscillations before it resumes 
its state of rest. The intensity of the magnetic 
force is determined from these oscillations in the 
same manner that the intensity of the gravitating 
and electrical forces are known from the vibrations 
of the pendulum and the balance of torsion, and in 
^11 these cases it is proportional to the square of the 
number of oscillations performed in a given time; 
consequently a comparison of the number of vi- 
brations accomplished by the same needle, during 
the same time, in different parts of the earth's 
surface, will determine the variations in the mag- 
netic action. By this method Humboldt and 
Rossel have discovered that the intensity of the 
magnetic force increases from the equator to the 
poles, where it is probably at its maximum. It 
appears to be doubled in the ascent from the equa- 
tor to the western limits of Baffin's Bay. Accord- 
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ing to tbe magnetic observations of Professor 
Hansteen, of Chiistiania, the magnetic intensity 
has been decreasing annually at Christiania, Lou-* 
don, and Paris, at the rate of its 235th, 725th9 
und 1020th parts, respectively, which he attri-^ 
butes to the revolution of the Siberian magnetic 
pole. There is, however, so much uncertainty in 
the mimetic phenomena of the earth, that the 
results require to be continually corrected by new 
observations. 

The inventor of the mariner's compass, like 
most of the early benefactors of mankind, is 
unknown ; it is even doubted which nation first 
made use of magnetic polarity to determine 
positions on the surface of the globe; but it is 
said that a rude form of the compass was in-' 
Y€nted in Upper Asia, and conveyed thence by 
the Tartars to China, where the Jesuit missionaries 
found traces of this instrument having been em- 
ployed as a guide to land travellers in very remote 
antiquity. From that the compass spread over the 
east, and was imported into Europe by the Cru- 
saders, and its construction improved by an artist 
of Amalfi, on the coast of Calabria. It seems that 
the Romans and Chinese only employed eight car- 
dinal divisions, which the Grermans successively 
bisected till there were thirty- two, and gave the 
points the names which they still bear. 
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The variation of the compasa was unktiowti till 
Columbus, duiing his first voyage, obaerved tbat 
the needle declined from the meridian as he ad- 
vanced across the Atlantic. The dip of the mag- 
netic needle was first noticed by Robert Norman, 
in the year 1576. 

Very delicate experiments have shown that »11 
bodies are more or less susceptible of magnetism. 
Many of the gems give signs of it ; cobalt, tita- 
nium, and nickel somietimes even possess the pro- 
perties of attraction and repulsion ; bnt the mag- 
netic agency is most powerfully developed in iron, 
and in that particular ore of iron called the load- 
stone, which consists of the protoxide and the 
peroxide of iron, together with small portions of 
silica and alumina. A metal is often susceptible 
of magnetism if it only contains the 1.30000th 
part of its weight of iron, a quantity too small to 
be detected by any chemical test. 

The bodies in question are naturally magnetic, 
but that property may be imparted by a variety of 
methods, as by friction with magnetic bodies, or 
juxtaposition to them, but none is more simple 
than percussion. A bar of hard steel, held in the 
direction of the dip, will become a magnet on 
receiving a few smart blows with a hammer on its 
upper extremity; and M. Hansteen has ascer- 
tained that every substance has magnetic poles 
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irhen held in that position, whatever the materials 
may be of which it is composed. 

One of the most distinguishing marks of mag- 
netism is polarity, or the property a magnet pos- 
sesses, when freely suspended, of spontaneously 
pointing nearly north and south, and always re- 
turning to that position when disturbed. Another 
property of a magnet is the attraction of unmag- 
netised iron. Both poles of a magnet attract iron^ 
which in return attracts either pole of the magnet 
with an equal and contrary force. The magnetic 
intensity is most powerful at the poles, as may 
easily be seen by dipping the magnet into iron 
filings, which will adhere abundantly to each pole, 
while scarcely any attach themselves to the inter- 
nediate parts. The action of the magnet on un- 
magnetised iron is confined to attraction, whereas 
the reciprocal agency of magnets is characterized 
by a repulsive as well as an attractive force, for a 
north pole repels a north pole, and a south repels 
a south pole ; but a north and a south pole mutu- 
ally attract one another, which proves that there 
axe two distinct kinds of magnetic forces, directly 
•ppofiite in their effects, though similar in their 
mode of action. 

Induction is the power which a magnet possesses 
of exciting temporary or permanent magnetism 
in such bodies in its vicinity as are capable of 
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receiving it. By this property the mere approacli 
of a magnet renders iron or steel magnetic, th& 
more powerfully the less the distance. When the 
north pole of a magnet is hrought near to, and in 
the line with an unmagnetised iron bar, the bar ac- 
quires all the properties of a perfect magnet, the 
end next the north pole of the magnet becomes a 
south pole, while the remote end becomes a north 
pole. Exactly the reverse takes place when the 
south pole is presented to the bar; so that each 
(K)le of a magnet induces the opposite polarity in 
the adjacent end of the bar, and the same polarity 
in the remote extremity ; consequently the nearest 
extremity of the bar is attracted, and the farther 
repelled, but as the action is greater on the adja- 
cent than on the distant part, the resulting force 
is that of attraction. By induction, the iron bar 
not only acquires polarity, but the power of in- 
ducing magnetism in a third body ; and although 
all these properties vanish from the iron as soon as 
the magnet is removed, a lasting increase of intensity 
is generally imparted to the magnet itself by the re- 
action of the temporary magnetism of the iron. Iron 
acquires magnetism more rapidly than steel, yet it 
loses it as quickly on the removal of the magnet, 
whereas the steel is impressed vsith a lasting polarity. 
A certain time is requisite for the induction of 
magnetism, and it may be accelerated by anything 
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that excites a vibratory motion in the particles of 
the eteel, such as the smart stroke of a hammer, 
or heat succeeded by sudden cold. A steel bar 
may be converted into a magnet by the transmis- 
sion of an electric discharge through it, and as its 
efficacy is the same in whatever direction the elec- 
tricity passes, the magnetism arises from its me- 
chanical o])eration exciting a vibration among the 
particles of the steel. It has been observed that the 
particles of iron easily resume their neutral state 
after induction, but that those of steel resist the 
restoration of magnetic equilibrium, or a return to 
the neutral state : it is therefore evident, that any 
cause which removes or diminishes the resistance 
of the particles will tend to destroy the magnetism 
of the steel ; consequently, the same mechanical 
means which develope magnetism will also destroy 
it. On that account, a steel bar may lose its mag- 
netism by any mechanical concussion, such as by 
falling on a hard substance, a blow with a hammer, 
and heating to redness, which reduces the steel to 
the state of soft iron. The circumstances which 
determine whether it shall gain or lose being its 
position with respect to the magnetic equator, and 
the higher or lower intensity of its previous mag- 
netic state. 

Polarity of one kind only cannot exist in any 
portion of iron or steel, for in whateve-t nvwmsst 
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the intensities of the two kinds of polaritj may be 
dififused through a magnet, they exactly balance 
or compensate one another. The northern pola-> 
rity is confined to one half of a magnet, and the 
southern to the other, and they are generally con- 
centrated in or near the extremities of the bar. 
When a magnet is broken across its middle, each 
fragment is at once converted into a perfect mag- 
net ; the part which originally had a north pole^ 
acquires a south pole at the fractured end, the 
part that originally had a south pole gets a north 
pole; and as far as mechanical division can be 
carried, it is found that each frc^ment, however 
small, is a perfect magnet. 

A comparison of the number of vibrations ac- 
complished by the same needle, during the same 
time, at different distances from a magnet, gives 
the law of magnetic intensity, which, like every 
known force that emanates from a centre, follows 
the inverse ratio of the square of the distance, a 
law that is not affected by the intervention of any 
substance whatever between the magnet and the 
needle, provided that substance be not itself sus- 
ceptible of magnetism. Induction and the reci- 
procal action of magnets are, therefore, subject to 
the laws of mechanics, but the composition and 
resolution of the forces are complicated, in conse- 
quence of four forces being constantly in activity, 
two in each magnet. 
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The phenomena of magnetism may be explained 
on the hypothesis of two extremely rare fltiids peiv 
vading all the particles of iron, and incapable of 
leaving them. Whether the particles of these fluids 
are coincident with the molecules of the iron, or 
that tibey only fill the interstices between them, is 
nnknown and immaterial ; but it is certain that the 
sum of all the magnetic molecules, added to the 
sum of all the spaces between them, whether oe^ 
cupied by matter or not, must be equal to the 
whole volume of the magnetic body. When the 
two fluids in question are combined they are inert, 
so that the substances containing them show no 
signs of magnetism ; but when separate they are 
active, the molecules of each of the fluids attract- 
ing those of the opposite kind, and repelling those 
of the same kind. The decomposition of the 
united fluids is accomplished by the inductive 
influence of either of the separate fluids ; that is 
to say, a ferruginous body acquires polarity by the 
approach of either the south or north pole of a 
magnet The electric fluids are confined to the 
sor&ces of bodies, whereas the magnetic fluids per- 
vade each molecule of the mass ; besides, the elec- 
tzic fluid has a perpetual tendency to escape, and 
dt>es escape, when not prevented by the coercive 
power of the surrounding air and other non-con- 
ducting bpdies. Such a tendency does not exis^ 
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in the magnetic fluids, which never quit the isiib- 
stance that contains them under any circumstances 
whatever ; nor is any sensible quantity of either 
kind of polarity ever transferred from one part to 
another of the same piece of steel. It appears 
that the two magnetic fluids, when decomposed by 
the influence of magnetising forces, only undergo 
a displacement to an insensible degree within the 
body. The action of all the particles so displaced 
upon a particle of the magnetic fluid in any par- 
ticular situation, compose a resultant force, the 
intensity and direction of which it is the province 
of the analyst to determine. In this manner 
M« Poisson has proved that the result of the 
action of all the magnetic elements of a mag- 
netised body is a force equivalent to the action of 
a very thin stratum covering the whole surface of 
a body, and consisting of the two fluids — the 
austral and the boreal, occupying different parts 
of it; or, in other words, the attractions and 
repulsions externally exerted by a magnet are 
exactly the same as if they proceeded from a very 
thin stratum of each fluid occupying the surface 
only, both fluids being in equal quantities, and so 
distributed that their total action upon all the 
points in the interior of the body are equal to 
nothing. Since the resulting force is the diff*er- 
ence of the two polarities, its intensity must be 
greatly inferior to that of either. 



PHYSICAL SCIENCES. 321 

It may be observed that, in addition to the 
forces already mentioned, there must be some 
coercive force analogous to friction which arrests 
the particles of both fluids, so as first to oppose 
the separation of the fluids, and then to prevent 
their reuniting. In soft iron the coercive force is 
either wanting or extremely feeble, since the iron 
is easily rendered magnetic by induction, and as 
easily loses its magnetism ; whereas in steel the 
coercive force is extremely energetic, because it 
prevents the steel from acquiring the magnetic 
properties rapidly, and entirely hinders it from 
losing them when acquired. The feebleness of 
the coercive force in iron, and its energy in steel, 
with regard to the magnetic fluids, is perfectly 
analogous to the facility of transmission aflbrded 
to the electric fluids by non-electrics, and tlie 
resistance they experience in electrics. At every 
step the analogy between magnetism and elec- 
tricity becomes more striking. The agency of 
attraction and repulsion is common to both, the 
positive and negative electricities are similar to 
the northern and southern polarities, and are 
govf^med by the same laws, namely, that between 
like powers there is repulsion, and between unlike 
powers there is attraction ; each of these four 
forces is capable of acting most energetically when 
tlone, but the electric equilibrium is restored by 
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the union of the two electricitieBy and magnetic 
neutrality by the combination of the two polaii- 
tiea, thus respectively neutralizing each other when 
joined. All these forces vary inveraely as the 
square of the distance, and consequently come 
under the same mechanical laws. A like analogy 
extends to magnetic and electrical induction. 
Iron and steel are in a state of equilibrium when 
the two magnetic polarities conceived to reside in 
them are equally diffused throughout the whole 
mass, 80 that they are altogether neutral. But 
this equilibrium is immediately disturbed on the 
approach of the pole of a magnet, which by induc- 
tion transfers one kind of polarity to one end of 
the iron or steel bar, and the opposite kind to 
the other, — effects exactly similar to electrical 
induction.; There is even a correspondence be- 
tween the fracture of a magnet and that of an 
electric conductor ; for if an oblong conductor be 
electrified by induction, its two extremities will 
have opposite electricities ; and if in that state it 
be divided across the middle, the two portions, 
when removed to a distance from one another, 
will each retain the electricity that has been in- 
duced upon it. The analogy, however, does not 
extend to transference. A body may transfer a 
redundant quantity of positive or negative elec- 
tiidty to another, the one gaining at the expense 
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of the other ; but there is no instance of a body 
possessing only one kind of x)olarily. With this 
exception, there is such perfect correspondence 
between the theories of magnetic attractions and 
repulsions and electric forces in conducting bodies, 
that they not only are the same in principle, but 
are determined by the same formulae. Experi- 
ment concurs with theory in proving the identity 
of these two unseen influences. 



SECTION XXXI. 

Thb disturbing effects of the aurora borealis and^ 
of lightning on the mariner's compass had been 
long known, but in the year 1819, M. Oersted, 
Ptofessor of Natural Philosophy at Copenhagen, 
diflcovered that a current of voltaic electricity 
exerts a powerful influence on ia magnetised 
needle, an observation which has given rise to the 
theory of electro-magnetism, the most interesting 
science of modem times, whether it be considered 
as leading us a step farther in generalization, by 
identifying two agencies hitherto referred to differ- 
ent caiues, or as developing a new force unparal- 
leled in the 83rstem of the world, which, overcoming 
the Ttetardation from friction, and the obstacle of 
a resisting medium, maintains a perpetual motion, 
oAen wnly attempted, but which it seems alto- 
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gether impossible to accomplish by means of any 
other force or combination of forces than the tee 
in question. 

When the two poles of a voltaic battery are 
connected by a metallic wire, so as to complete 
the circuit, the electricity flows without ceasing ; 
and if a straight portion of that wire be placed 
parallel to, and horizontally above, a magnetiised 
needle at rest in the magnetic meridian, but freely 
poised like the mariner's compass, the action of 
the electric current flowing through the wire will 
instantly cause the needle to change its position : 
its extremity will deviate from the north towards 
the east or west, according to the direction in 
which the current is flowing ; and on reversing 
the direction of the current, the motion of the 
needle will be reversed also. The numerous ex- 
periments that have been made on the magnetic 
and electric fluids, as well as those on the various 
relative motions of a magnetic needle under the 
influence of galvanic electricity, arising from all 
possible positions of the conducting wire, and 
every direction of the voltaic current, together 
with all the other phenomena of electro-mag- 
netism, are explained by Dr. Roget in some ex- 
cellent articles on these subjects in the Library of 
Useful Knowledge. 

All the experiments tend to prove that the force 
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emanating horn the electric current, which pro- 
duces such effects on the magnetic needle, acts at 
right angles to the current, and is therefore unlike 
any £arce hitherto known. . The action of all the 
forces in. nature is. directed in straight lines, as &r 
as we know, for the curves descrihed by the heavenly 
bodies residt from the composition of two forces, 
whereas, that which is exerted by an electrical 
current upon either pole of a magnet has no ten- 
dency to cause the pole to approach or recede, 
but to rotate about it. If the stream of electricity 
be. supposed to pass through the centre of a circle 
whose .plane is perpendicular to the current, the 
direction of the force exerted by the electricity 
will always be in the tangent to the circle, or at 
right angles to its radius ; consequently the tan- 
g^tial force of the electricity has a tendency to 
make the pole of a magnet move in a circle round 
the wire of the battery. Mr. Barlow has proved 
that the action of each particle of the electric fluid 
in the .wire, on each particle of the magnetic fluid 
in the needle, varies inversely as the square of the 
diata^e. 

Kotatory motion was suggested by Dr. Wol- 
laaton; Mr* Faraday was the first who actually 
aucceeded in making the pole of a magnet rotate 
about a vertical conducting wire. lu order to 
limit the action, of the electricity to one pole, about 
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two-tbirds of a small magnet was iflunersed in msr- 
ettry, the lower end being fastened by a'thiead to Ae 
bottom of the vessel containing the meicmy. When 
the magnet was thus floating almosi vertically 
with its north pole above the surface, a cuneot 
of positive electricity was made to deacead per- 
pendicularly through a wire touching the mereuiy, 
and immediately the magnet began to rotate from 
left to right about the wire. As the force is imi* 
form, the rotation was accelerated till the tangen- 
tial force was balanced by the resistance ci the 
mercury, when it became constant. Under the 
same circumstances, the south pole of the mii^pMt 
rotates from right to left. It is evident firom cUb 
experiment that the wire may also be made to 
perform a rotation round the magnet, since the 
action of the current of electricity on the pole of 
the magnet must necessarily be accompanied by a 
corresponding reaction of the pole of the magnet 
on the electricity in the wire. This experiment 
has been accomplished by a vast number of con- 
trivances, and even a small battery, consisting of 
two plates, has performed the rotation. Mr. Fa- 
raday produced both motions at the same time in 
a vessel containing mercury; the wire and the 
magnet revolved in one direction about a common 
centre of motion, each following the other^ 

The next step was to make a magnet and 
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ldb» a cylinder levdive about their own axes, whick 
they do with great rapidity. Mercury has been 
made to rotate by means of yoltaic electricityv 
mad Fwksmar Ritchie has exhibited in the Royal 
JiMtifcution the singular spectacle of the rotaticm 
of water by the same means, while the vessel con-> 
taining it remained stationary. The water waa 
in a hollow double cylinder of glass, and on being 
made the conductor of electricity, was observed to 
rercdve in a regular vortex, changing its directitm 
as the poles of the battery were alternately re* 
yersed. Professor Ritchie foimd that all the dif* 
icvent conductors hitherto tried by him, such as 
water, charcoal, &c. give the same electro-magnetic 
lesttlitS) when transmitting the same quantity of 
dectiricity, and that they deflect the magnetic 
jiecdle in an equal degree when their respective 
am of conduction are at the same distance from 
iL. . But one of the most extraordinary effects of 
the. new force is exhibited by coiling a copper 
wire, so as to form a helix or corkscrew, and con- 
Btctdng the extremities of the wires with the poles 
of a galvanic battery. If a magnetised steel bar 
OT'iieedle be placed within the screw, so as to rest 
upon the lower and interior part, the instant a 
evrrent of electricity is sent through the wire of 
the helix, the steel bar starts up by the influence 
a£ this invisible power, and remains suspended in 
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ihe air in opposition to the force of gravitation. 
The effect of the electro-magnetic power exerted 
by each turn of the wire is to urge the north pole 
of the magnet in one direction, and the south pole 
in the other ; the force thus exerted is multiplied 
in degree and increased in extent by each repeti- 
tion of the turns of the wire, and in consequence 
of these opposing forces the bar remains sus- 
pended. This helix has all the properties of a 
magnet while the electrical current is flowing 
through it, and may be substituted for one in 
almost every experiment. It acts as if it had a 
north pole at one extremity and a south pole at 
the other, and is attracted and repelled by the 
poles of a magnet exactly as if it were one itself. 
All these effects depend upon the course of the 
electricity, that is, on the direction of the turns of 
the screw, according as they are from right to 
left, or from left to right, being in the one case 
exactly the contrary of what it is in the other. 

The effects of electricity in motion on magnets 
are not only precisely the same as the reciprocal 
action of magnetised bodies, but its influence in 
inducing magnetism in unmagnetised iron and steel 
is also the same with magnetic induction. The 
term induction, when applied to electric currents, 
expresses the power which these currents possess 
of inducing any particular state upon matter in 
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their immediate neighbourhood, otherwise neutral 
or indifferent. For example, the connecting wire 
of a galvanic battery holds iron filings suspended 
like an artificial magnet, as long as the current 
continues to flow through it ; and the most power- 
ful temporary magnets that have ever been made 
are obtained by bending a thick cylinder of soft 
iron into the form of a horseshoe, and surround- 
ing it with a coil of thick copper wire covered 
with silk, to prevent communication between its 
parts. When this wire forms part of a galvanic 
circuit, the iron becomes so highly magnetic, that 
a temporary magnet of this kind made by Pro- 
fessor Henry of the Albany Academy, in the 
United States, sustained nearly a ton weight. The 
iron loses its magnetic power the instant the 
electricity ceases to circulate, and acquires it 
tugaia as instantaneously when the circuit is re- 
newed. Steel needles are rendered permanently 
magnetic by electrical induction ; the effect is pro- 
duced in a moment, and as readily by juxtaposi- 
tion as by contact; the nature of the poles depends 
upon the direction of the current, and the inten- 
sity is proportional to the quantity of electricity. 

It appears from what precedes, that the prin- 
ciple and characteristic phenomena of the electro- 
magnetic science are, the evolution of a tangential 
and rotatory force exerted between a conductmi^ 
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body and a magnet; and the transverse xndvctitB 
of magnetism by the conducting body in siiek 
substances as are susceptible of it. 

The action of an electric current causes- a devia- 
tion of the compass from the plane of the mag- 
netic meridian. In proportion as the needle re- 
cedes from the meridian, the intensity of the force 
of terrestial magnetism increases, while at the 
same time the electro-magnetic force diminishes; 
the number of degrees at which the needle stopS| 
and which mark where the equilibrium between 
these two forces takes place, will indicate the in- 
tensity of the galvanic current. The galvanome- 
ter, constructed, upon this principle, is employed 
to measure the intensity of galvanic currents cel- 
lected and conveyed to it by wires. This instru- 
ment is rendered much more sensible by neutral- 
izing the effects of the earth's magnetism on 
the needle, which is accomplished by placing a 
second magnetised needle so as to counteract the 
action of the earth on the first, a precaution requi- 
site in all delicate magnetical experiments. 

SECTION XXXII. 

The science of electro-magnetism which has been 
under consideration, and must render the name 
of M. Oersted ever memorable, relates to the reci- 
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procal: action of electrical and magnetic currents : 
M. Ampere, by discovering the mutual action of 
electrical currents on one another, has added a 
new branch to the subject, to which he has given 
the name of electro-dynamics. 

When electric currents are passing through two 
conducting wires so suspended or supported as to 
be capable of moving both towards and from one 
another, they show mutual attraction or repulsion, 
according as the currents are flowing in the same 
or in contrary directions ; the phenomena varying 
with the relative inclinations and positions of the 
streams of electricity. It appears that the mutual 
action of such currents, whether they flow in the 
same or in contrary directions, whether they be 
parallel, perpendicular, diverging, converging, cir- 
cular, or heliacal, all produce different lands of mo- 
tion, in a conducting wire, both rectilineal and cir- 
cular, and also the rotation of a wire helix, such as 
that described and now called an electro-dynamic 
cylinder on accoimt of some improvements in its 
construction; and as the hypothesis of a force 
varying inversely as the square of the distance 

accords perfectly with all the observed phenomena, 

< 

these motions come under the same laws of dyna- 
mics and analysis as any other branch of physics. 
The theory of electro-dynamics, as well as 
actual experiment, confirms the identity betfi^«^ 
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the agencies- of electro-dynamic cylinders, or 
helices, and magnets. The law of the reciprocal 
action of a cylinder and an electric current is 
precisely the same, and all the experiments that 
can be performed with the cylinder might be 
accomplished with a magnet. It has already been 
observed that the two extremities of an electro- 
dynamic cylinder or helix exhibit all the proper- 
ties possessed by the poles of a magnet ; that end 
in which the current of positive electricity is 
moving in a direction similar to the motion of the 
hands of a watch, acting as a south pole, and the 
other end, in which the current is flowing in a 
contrary direction, exhibiting northern polarity. 
In conformity "with this resemblance, electro- 
dynamic cylinders act on each other precisely as 
if they were magnets, during the time the electri- 
city is flowmg through them. 

The phenomena mark a very decided difference 
between the action of electricity in motion or at 
rest, that is, between voltaic and common electri- 
city ; the laws they follow are in many respects 
of an entirely different nature. Since voltaic 
electricity flows perpetually, it cannot be accumu- 
lated, and consequently has no tension or tendency 
to escape from the wires which conduct it. Nor 
do these wires either attract or repel light bodies 
in their vicinity, whereas ordinary electricity can 
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be accumulated in insulated bodies to a gr^at de • 
gree, and in that state of rest the tendency to 
escape is proportional to the quantity accumu* 
lated and the resistance it meets with. In ordi- 
nary electricity, the law of action is, that dissimilar 
electricities attract, and similar electricities repel 
one another. In voltaic electricity, on the con- 
trary, similar currents, or such as are moving in 
the same direction, attract one another, while a 
mutual repulsion is exerted between dissimilar 
currents, or such as flow in opposite directions. 
The common electricity escapes when the pressure 
is removed, but the electro-dynamical effects are 
the same whether the conductors be in air or in 
vacuo. 

Although the effects produced by a current of 
electricity depend upon the celerity of its motion, 
the velocity with which it moves, through a con- 
ducting wire is unknown. We are equally igno- 
rant whether it be uniform or varied, but the 
method of transmission has a marked influence on 
the results ; for when it flows without intermis- 
sion, it oqqasions a deviation in the magnetic 
needle, but it has. no effect whatever when its 
motion is discontinuous or interrupted, like the 
current produced by the common electrical ma- 
chine when a communication is made between the 
positive and negative conductors. . 
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M. Ampere has establiBhed a theory of electro- 
magnetiem suggested by the analogy betweea 
electro-dynamic cylinders and magnets, founded 
upon the reciprocal attraction of electric currents, 
to which all the phenomena of magnetism and 
electro-magnetism may be reduced, by assuming 
that the magnetic properties which bodies possess 
derive these properties from currents of electricity 
circulating about every part in one uniform 
direction. It has been observed that, although 
every particle of a magnet possess like' properties 
with the whole, yet the general effect is the same 
as if the magnetic properties were confined to the 
surface: consequently the internal electro-cur- 
rents must compensate one another, and therefore 
the magnetism of a body is supposed to arise 
from a superficial current of electricity constantly 
circulating in a direction perpendicular to the 
axis of the magnet ; so that the reciprocal action 
of magnets, and all the phenomena of electro- 
magnetism, are reduced to the action and reaction 
of superficial currents of electricity acting at right 
angles to the direction of the currents. Notwith- 
standing some experiments made by M. Ampere 
to elucidate the subject, there is still an uncer- 
tainty in the theory of the induction of magnetism 
by an electric current in a body near it ; for it 
does not appear whether electric currents which 
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did not previously exist are actually produced by 
induction, or if its effect be only to give one uni- 
form direction to the infinite number of electric 
currents previously existing in the particles of the 
body, and thus rendering them capable of exhi- 
biting magnetic phenomena, in the same manner 
as polarization reduces those undulations of light 
to one plane which had previously been x)erformed 
in every plane. Possibly both may be combined 
in producing the effect; for the action of an 
electric current may not only give a common 
direction to those already existing, but may also 
increase their intensity. However that may be, 
by assuming that the attraction and repulsion of 
the elementary portions of electric currents vary 
inversely as the square of the distance, the action 
being at right angles to the direction of the cur* 
lent, it is found that the attraction and repulsion 
of a current of indefinite length on the elementary 
pcstion of a parallel current at any distance from 
it, is in the simple ratio of the shortest distance 
between them ; consequently the reciprocal action 
of electric currents is reduced to the composition 
BDd resolution of forces, so that the phenomena 
of electro-magnetism are brought under the laws 
of dynamics by the theory of Ampere. 
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SECTION XXZIII. 

From the law of action and reaction being equal 
and contrary, it might be expected that, as elec- 
tricity powerfully affects magnets, so, converselyt 
magnetism ought to produce electrical phenomena. 
By proving this very important fact from a series 
of higlily interesting and ingenious experiments, 
Mr. Faraday has added another branch to the 
science, which he has named magneto-electri- 
city. A great quantity of copper wire was coiled 
in the form of a helix round one half of a ring 
of soft iron, and connected with a galvanic bat- 
tery, while a similar helix connected with a gal- 
vanometer was wound round the other half of the 
ring, but not touching the first helix. As soon 
as contact was made with the batter}', the needle 
of the galvanometer was deflected, but the action 
was transitory, for when the contact was conti- 
nued the needle returned to its usual position, and 
was not affected by the continual flow of the elec- 
tricity through the wire connected with the battery. 
As soon, however, as the contact was broken, the 
needle of the galvanometer was again deflected, but 
in the contrary direction. Similar effects were pro- 
duced by an apparatus consisting of two helices of 
copper wire coiled round a block of wood, instead 
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of iron, from which Mr. Faraday infers that the 
electric current passing from the battery through 
one wire induces a similar current through the 
other wire, but only nf, the instant of contact, and 
that a momentary current is induced in a contrary 
direction when the passage of the electricity is 
suddenly interrupted. These brief currents or 
waves of electricity were found to be capable of 
magnetizing needles, of passing through a small 
extent of fluid, and when charcoal points were 
interposed in the current of the induced helix, a 
minute spark was perceived as often as the con- 
tacts were made or broken, but neither chemical 
action nor any other electric effects were obtained. 
A deviation of the needle of the galvanometer 
took place when common magnets were employed 
instead of the voltaic current ; so that the mag- 
netic and electric fluids are identical in their 
eflfects in this interesting experiment. Again, 
when a helix formed of 220 feet of copper wire, 
into which a cylinder of soft iron was introduced^ 
was placed between the north and south poles of 
two bar magnets, and connected with the galvano- 
meter by means of wires from each extremity, as 
often as the magnets were brought into contact 
with the iron cylinder, it became magnetic by 
induction, and produced a deflection in the needle 
(tf the galvanometer. On continuing the contajct^ 
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the needle resumed its natural pontiosk, and when 
the contact was broken , the deflection took pbce 
in the opposite direction; when the magnetic 
contacts were reversed, the deflection was leveFsed 
also. With strong magnets, so powerful was- the 
action, that the needle of the galvanometer whizkd 
round several times successively; and aimilftr 
effects were produced by the mere approzinutioa 
or removal of the helix to the poles of the mag- 
nets. Thus magnets produce the very same efifects 
on the galvanometer that electricity does. Though 
at that time no chemical decomposition was efiected 
by these momentary currents which emanated firom 
the magnets, they agitated the limbs of a irog^ and 
Mr. Faraday justly observes, that * an agent which 
is conducted along metallic wires in the manzier 
described, which, whilst so passing, possessea the 
peculiar magnetic actions and force of a current 
of electricity, which can agitate and convulse die 
limbs of a frog, and which finally can produce a 
spark by its discharge through charcoal^ can only 
be electricity.' Hence it appears that electrical 
currents are evolved by magnets, which produce 
the same phenomena with the electrical cuxients 
from the voltaic battery; they, however, diflcx 
materially in this respecter— that time is required 
for the exercise of the magneto-electric inducticuSt 
whereas volta-electric induction is instantaneous* 



Afltcr Mt. Faraday had proved the identity of 
the magnetic and- electric fluids hy producing the 
spark, heating metallic wires, and accomplishing 
chemical decomposition, it was easy to increase 
these effects hy more powerfal magnets and other 
arrangements. The following apparatus is now 
in use, which is in effect a battery, where the agent 
it the magnetic, instead of the voltaic iluid, or, ist 
other wordfr, electricity. 

A very powerful horse-shoe magnet, formed oi 
twelve steel plates in close approximation, is 
placed in a horizontal position. An armature 
eonsisting of a bar of the purest soft iron ha» 
each of its endts bent at right angles, so that the 
firce» of those ends may be brought directly oppo* 
Bite and close to the poles of the magnet when 
reqnired. Two series of copper wires — covered 
with silk, in order to insulate them — are wound 
round the bar of soft iron as compound helices. 
The- extremities of these wires, having the same 
&ection, are in metallic connexion with a circular 
^Rbc, which dips into a cup of mercury, while the 
m&s of the vmes in the opposite direction are 
iot^fored' to a projecting screw-piece, which carries 
• {dip of copper with two opposite points. The 
Hedl magnet is stationary ; but when the aFm»- 
tore, together with its appendages, is made to 
Ntate bomontally, the edge of the disc «&?iiv^ 
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remains immersed in the mercury, while the points 
of the copper slip alternately dip in it and rise 
ahove it. By the ordinary laws of induction, the 
armature hecomes a temporary magnet while its 
bent ends are opposite the poles of the steel mag- 
nety and ceases to be magnetic when they are at 
right angles to them. It imparts its temporaiy 
magnetism to the helices which concentrate it; 
and while one set conveys a current to the disc, 
the other set conducts the opposite current to the 
copper slip. But as the edge of the revolving disc 
is always immersed in the mercury, one set of 
wires is constantly maintained in contact with it, 
and the circuit is only completed when a point of 
the copper slip dips in the mercury also ; but the 
circuit is broken the moment that point rises 
above it. Thus, by the rotation of the armature, 
the circuit is alternately broken and renewed ; and 
as it is only at these moments that electric action 
is manifested, a brilliant spark takes place every 
time the copper point touches the surface of the 
mercury. Platina wire is ignited, shocks smart 
enough to be disagreeable are given, and water is 
decomposed with astonishing rapidity, by the same 
means,, which proves beyond a doubt the identity 
of the magnetic and electric agencies, and places 
Mr. Faraday, whose experiments established the 
principle, in the first rank of experimental phi- 
losophers. 
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SECTION XXXIV. 

M. Arago discovered an entirely new source of 
magnetism in rotatory motion. If a circular plate 
of copper be made to revolve immediately above 
or below a magnetic needle or magnet, suspended 
in such a manner that the needle may rotate in 
a plane parallel to that of the copper plate, the 
magnet tends to follow the circumvolution of the 
plate ; or if the magnet revolves, the plate tends 
to follow its motion ; and so powerful is the effect, 
that magnets and plates of many pounds weight 
have been carried round. This is quite independ- 
ent of the motion of the air, since, it is the same 
when a pane of glass is interposed between the 
magnet and the copper. When the magnet and 
the plate are at rest, not the smallest effect, at- 
tractivey repulsive, or of any kind, can be per- 
ceived between them. In describing this pheno- 
menon, M. Arago states that it takes place not 
only with metals, but with all substances, solids, 
liquids, and even gases, although the intensity de- 
pends upon the kind of substance in motion. Ex- 
periments recentiy made by Mr. Faraday explain 
this singular action. A plate of copper, twelve 
mehes in diameter and one-fifth of an inch thick, 
WIS placed between the poles of a powerful hoT«A<^ 
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fiLoe magnet, and connected at certain points with 
a galvanometer by copper wires. When the plate 
was at rest no effect was produced, but as soon 
as the plate was made to revolve rapidly, titt 
galvanometer needle was deflected sometimes as 
much as 90°, and by a uniform rotation, the 
deflection was constantly maintained at 45*^. 
When the motion of the copper plate was re- 
versed, the needle war deflected in the contrary 
dhrection, and thus a pennanent current of elec- 
tricity was evolved by an ordinary magnet. The 
intensity of the electricity collected by the wires, 
and conveyed by them to the galvanometer, varied 
with the position of the plate relatively to tke 
poles of the magnet. 

The motion of the electricity in the copper 
plate may be conceived, by considering, that merely 
from moving a single wire like the spoke of a 
wheel before a magnetic pole, a current of electri- 
city tends to flow through it from one end to the 
other ; hence, if a wheel be constructed of a great 
many such spokes, and revolved near the pole of a 
magnet in the manner of the copper disc, each 
radius or spoke will tend to have a current pro- 
duced in it as it passes the pole. Now, as the cir- 
cular plate is nothing more than an infinite num- 
ber of radii or spokes in contact, the currents will 
flow in the direction of the radii if a channel be 
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open for their return, and in a continUouB plate 
that channel ifi afforded by the lateral portions on 
each side of the particular radius close to the 
magnetic pole. This hypothesis is confinned 
hy observation, for the currents of positive elec- 
tricity set firom the centre to the circumference, 
and the negative from the circumference to the 
centxe, and vice versfi,, according to the position of 
the magnetic poles and the direction of rotation. 
«So that a collecting "wire at tlie centre of the cop- 
per plate conveys positive electricity to the galva- 
nometer in one case, and negative in another ;. 
that collected by a conducting wire in contact with 
the circumference of the plate is always the oppo- 
lite of the electricity conveyed from the centre. 
It is evident that when the plate and magnet are 
hoth at rest, no effect takes place, since the electric 
forrents which cause the deflection of the galva- 
nometer cease altogether. The same phenomena. 
nay be produced by electro-magnets. The efFecta 
we the same when the magnet rotates and the 
.plate remains at rest. When the magnet revolves 
uniformly about its own axis, electricity of the 
aame. kind is collected at its poles, and the oppo- 
site electricity at its equator. 

The phenomena wliich take place in M. Arago's 
eipeiiments may be explained on this principle, 
for when both the copper plate and the magnet 



344 CONNEXION OF THE 

are revolving, the action of the electric coneiit, 
induced in the plate hy the magnet in conaequB&ce 
of their relative motion, tends continually to dimi- 
nish that relative motion ; that is, to bring the 
moving bodies into a state of relative rest, so 
that if one be made to revolve by an eztraneooi 
force, the other will tend to revolve about it in 
the same direction, and with the same velocity. 

When a plate of iron, or of any substance ca* 
pable of being made either a temporary or perma- 
nent magnet, revolves between the poles of a 
magnet, it is found that dissimilar poles on oppo- 
-site sides of the plate neutralize each other's effects, 
so that no electricity is evolved, while similar poles 
•on each side of the revolving plate increase the 
quantity of electricity, and a single pole end-on is 
sufficient. But when copper, and substances not 
sensible to ordinary magnetic impressions, revolve, 
similar poles on opposite sides of the plate neutra- 
lize each other, dissimilar poles on each side exalt 
the action ; and a single pole at the edge of the 
revolving ])late, or end-on, does nothing. This 
forms a test for distinguishing the ordinary mag- 
netic force from that produced by rotation. If 
unlike poles, that is a north and a south pole, 
produce more eflfect than one pole, the force will 
be due to electric currents ; if similar poles pro- 
duce more effect than one, then the power is not 
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elfectric. These invest^ations show that there 
are really very few bodies magnetic in the man- 
ner of iron. Mr. Faraday therefore arranges sub- 
stances in three classes, with regard to their rela- 
tion to magnets. Those affected by the magnet 
when at rest like iron, steel, and nickel, which 
possess ordinary magnetic properties; those af- 
fected when in motion, in which electric currents 
are evolved by the inductive force of the magnet, 
such as copper ; and lastly, those which are per- 
fectly indifferent to the magnet, whether at rest 
or in motion. 

It has already been observed, that three bodies 
are requisite to form a galvanic circuit, one of 
which must be fluid; but in 1822, Professor 
Seebeck, of Berlin, discovered that electric cur- 
rents may be produced by the partial application 
of heat to a circuit formed of two solid conductors. 
For example, when a semicircle of bismuth, joined 
to a semicircle of antimony, so as to form a ring, 
is heated at one of the junctions by a lamp, a cur- 
rent of electricity flows through the circuit from the 
antimony to the bismuth, and such thermo-ele(itric 
currents produce all the electro-magnetic effects. 
A compass needle placed either within or without 
the circuit, and at a small distance from it, is de- 
flected from its natural position, in a direction 
eonesponding to the way in which the electrvc\t<| 
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is flowing. If such -a ring be Buspended so u to 
move easily in any direction, it will obey the actkn 
of a magnet brought near it, and may even be 
made to revolve. According to the researches of 
M. Nobili, the same substance, unequally heated, 
exhibits electrical currents. The experiments <if 
Professor Gumming show that the mutual action^ 
a magnet and a thermo-electric current, is subject 
to the same laws as those of magnets and galvaaie 
currents, consequently all the phenomena of repul- 
sion, attraction, and rotation may be exhibited 
by a thermo-electric current. It is, however, so 
feeble, that neither heat, the spark, nor chemical 
action have been observed, nor can repulsion, 
attraction of light substances at sensible distances, 
er any other effects of tension, be perceived. 

SECTION XXXV. 

In all the experiments hitherto described, artificial 
magnets alone were used, but it is obvious that the 
magnetism of the terreEtrial spheroid which has 
so powerful an influence on the mariner's . com- 
pass, must also affect electrical currents. It con- 
sequently appears that a piece of copper wire bent 
into a rectangle, and free to revolve on a vertical 
axis, arranges itself with its plane at right angles 
to the magnetic meridian, as soon as a stream of 
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«leotricity is sent through it Under the same 
circumstances a similar rectangle, suspended on a 
horizontal axis at right angles to the magnetic 
meridian, assumes the same inclination with the 
dipping needle. So that terrestrial magnetism 
has the same influence on electrical currents as 
an artificial magnet. But the magnetic action of 
the earth also induces electric currents. When a 
hollow helix of copper wire, whose extremities are 
connected with the galvanometer, is placed in the 
magnetic dip, and suddenly inverted several times, 
accommodating the motion to the oscillations <£ 
the needle, the latter is soon made to vibrate 
through an arc of 80^ or 90^. Hence it is evi- 
dent, that whatever may be the cause of terres- 
trial magnetism, it produces currents of electricity 
by its direct inductive power upon a metal not 
capable of exhibiting any of the ordinary magnetic 
properties. The action on the galvanometer is 
much greater when a cylinder of soft iron is in- 
serted into the helix, and the same results follow 
the simple introduction of the iron cylinder into, 
or removal out of the helix. These effects arise 
from the iron being made a temporary magnet by 
the inductive action of terrestrial magnetism, for 
apiece of iron, such as a poker, becomes a magnet 
fior the time, when placed in the line of the mag- 
netic dipt. 
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M. Biot has formed a theory of terrestrial mag* 
netism upon the observations of M. de Humboldt 
as data. Assuming that the action of the two 
opposite magnetic poles of the earth upon any 
point is inversely as the square of the distance^ 
he obtains a general expression for the direction 
of the magnetic needle, depending upon the dis* 
tance between the north and south magnetic poles; 
so that if one of these quantities varies, the cor- ^ 
responding variation of the other will be known. 
By making the distance between the poles vary, 
and comparing the resulting direction of the needle 
with the observations of M. de Humboldt, he 
found that the nearer the poles are supposed to 
approach to one another, the more did the com- 
puted and observed results agree ; and when the 
poles were assumed to coincide, or nearly so, the 
difference between theory and observation was the 
least possible. It is evident, therefore, that the 
earth does not act as if it were a permanently 
magnetic body, the distinguishing characteristic of 
which is, to have two poles at a distance from one 
another. Mr. Barlow has investigated this sub- 
ject with much skill and success. He first proved 
that the magnetic power of an iron sphere resides * 
in its surface ; he then inquired what the superfi- 
cial action of an iron sphere in a state of transient 
magnetic induction, on a magnetised needle, would 
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be, if insulated from the influence of terrestrial 
magnetism. The results obtained, corroborated 
by the profound analysis of M. Poisson, on the 
hypothesis of the two poles being indefinitely near 
the centre of the sphere, are identical with those 
obtained by M. Biot for the earth from M. de 
Humboldt's observations. Whence it follows, 
that the laws of terrestrial magnetism deduced 
from the formulae of M. Biot, are inconsistent 
with those which belong to a permanent magnet, 
but that they are perfectly concordant with those 
belonging to a body in a state of transient mag- 
netic induction. It appears, therefore, that the 
earth is to be considered as only transiently mag- 
netic by induction, and not a real magnet. Mr. 
Barlow has rendered this extremely probable by 
forming a wooden globe, with grooves admitting 
of a copper wire being coiled round it parallel to 
the equator from pole to pole. When a current 
of electricity was sent through the wire, a mag- 
netic needle suspended above the globe, and neu- 
tralized from the influence of the earth's magne- 
tism, exhibited all the phenomena of the dipping 
and variation needles, according to its positions 
with regard to the wooden globe. As there can 
be no doubt that the same phenomena would be 
exhibited by currents of thermo, instead of voltaic, 
dectiicity, if the grooves of the wooden ^<q\^ 
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were filled by rings conetituted of two metalfl, it 
seems highly probable that the heat of the son 
may be the great agent in developing electric 
currents in or near the surfiftce of the earth, by its 
action upon the substances of which the globe is 
composed, and, by the changes in its intensity, 
may occasion the diurnal variation of the compass, 
and the other vicissitudes in terrestrial magnedssK 
evinced by the disturbance in the directions of the 
magnetic lines, in the same manner as it influences 
the parallelism of the isothermal lines. That such 
currents do exist in metalliferous veins appears 
from the experiments of Mr. Robert Fox in the 
Cornish copper-mines. However, it is probable 
that the secular and periodic disturbances in the 
macnetic force are occasioned bv a varietv of com- 
bining circumstances. Among others, M. Biot 
mentions the vicinity of mountain chains to the 
place of observation, and still more the action of 
extensive volcanic fires, which change the chemi- 
cal state of the terrestrial surface, thev themselves 
varying from age to age, some becoming extinct, 
while others burst into activity. 

It is moreover probable that terrestrial magne- 
tism may be owing, to a certain extent, to the 
earth's rotation. Mr. Faraday has proved that 
all the phenomena of revolving plates may be 
produced by the inductive action of the earth*s 
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magpietiBin alone. If a copper plate be connected 
with a galvanometer by two copper wires, one 
from the centre and another from the circum- 
ference, in order to collect and convey the electri- 
city, it is found that, when the plate revolves in a 
plane passing through the line of the dip, the 
galvanometer is not affected ; but as soon as the 
plate is inclined to that plane, electricity begins to 
be developed by its rotation; it becomes more 
powerful as the inclination increases, and arrives 
at a maximum when the plate revolves at right 
angles to the line of the dip. When the revolu- 
tion is in the same direction with that of the hands 
of a watch, the current of electricity flows from 
its centre to the circumference; and when the 
rotation is in the opposite direction, the current 
sets the contrary way. The greatest deviation of 
the galvanometer amounted to 50° or 60°, when 
the direction of the rotation was accommodated to 
the oscillations of the needle. Thus a coipjpeag 
plate, revolving in a plane at right angles to the 
Ime of the dip, forms a new electrical machine^ 
difiering from the common plate-glass machine, 
by the material of which it is composed being the 
most perfect conductor, whereas glass is the most 
perfect non-conductor ; besides, insulation, which 
is essential in the glass machine, is fatal in the 
copper one. The quantity of electricity evolved. 
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by the metal does not appear to be inferior to that 
develoj>ed by the glass, though very different in 
intensity. 

From the experiments of Mr. Faraday, and 
also from theory, it is possible that the rotation 
of the earth may produce electric currents in its 
own mass. In that case, they would flow super- 
ficially in the meridians, and if collectors coidd 
be applied at the equator and poles, as in the 
revolving plate, negative electricity would be col- 
lected at the equator, and positive at the poles ^ 
but without something equivalent to conductora 
to complete the circuit, these currents could not 
exist. 

Since the motion, not only of metals but even 
of fluids, when under the influence of powerful 
magnets, evolves electricity, it is probable that the 
gulf stream may exert a sensible influence upon 
the forms of the lines of magnetic variation, in 
consequence of electric currents moving across it, 
by the electro-magnetic induction of the earth. 
Even a ship passing over the surface of the water, 
in northern or southern latitudes, ought to have 
electric currents running directly across the line 
of her motion. Mr. Faraday observes, that such 
is the facility with which electricity is evolved by 
the earth's magnetism, that scarcely any piece of 
metal can be moved in contact with others with- 
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out a development of it, and that consequently, 
among the arrangements of steam engines and 
metallic machinery, curious electro-magnetic com- 
binations probably exist, which have never yet 
been noticed; 

What magnetic properties the sun and planets 
may have, it is impossible to conjecture, although 
their rotation might lead us to infer that they are 
similar to the earth in this respect. According 
to the observations of MM. Biot and Gkiy-Lussac, 
during their aerostatic expedition, the magnetic 
action is not confined to the surface of the earth, 
but extends into space. A decrease in its inten- 
sity was perceptible, and as it most likely follows 
the ratio of the inverse square of the distance, it 
must extend indefinitely. It is probable that the 
moon has become highly magnetic by induction, 
in consequence of her proximity to the earth, and 
because her greatest diameter always points to- 
wards it Should the magnetic, like the gravi- 
tating force, extend through space, the induction 
of the sun, moon, and planets must occasion per- 
petual variations in the intensity of terrestrial 
magnetism, by the continual changes in their 
relative positions. 

In the brief sketch that has been given of the 
five kinds of electricity, those points of resem- 
blance have been pointed out which are chsx«.c- 

1 K 
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teristic of one individual power; but as numy 
anomalieB have been lately removed, and the iden- 
tity of the different kinds placed be3rond a doubt, 
by Mr. Faraday, it may be aatisfinctoiy to take a 
summary view of the various coincidences in tbeir 
modes of action on which their identity has been 
80 ably and completely established by that great 
electrician. 

The points of comparison are attraction and 
repulsion at sensible distances, discharge finom 
points through air, the heating power, magnetic 
influence, chemical decomposition, action on the 
human irame, and lastly the spark. 

Attraction and repulsion at sensible diatanees, 
which are so eminently characteristic of ordinary 
electricity, and, in a lesser degree, also, of the 
voltaic and magnetic currents, have not been per- 
ceived in either the thermo or animal electricities, 
not on account of difference of kind, but entirely 
owing to inferiority in tension ; for even the ordi- 
nary electricity, when much reduced in quantity 
and intensity, is incapable of exhibiting these phe- 
nomena. 

Ordinary electricity is readily discharged from 
points through air, but Mr. Faraday found that no 
sensible effect took place from a battery consisting 
of 140 double plates, either through air or in the 
exhausted receiver of an air-pump, the tests of 
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the diflcbarge being the electrometer and chemicQl 
action, — a circumstance entirely owing to the 
flomll degree of tension, for an enormous quantity 
of electricity is required to make these effects sen- 
sible, and for that reason they cannot be expected 
from the other kinds, which are much inferior in 
degree. Common electricity passes easily through 
rarefied and hot air, and also through flame. Mr. 
Faraday effected chemical decomposition and a 
deflection of the galvanometer by the transmission 
of voltaic electricity through heated air, and obr 
serves that these experiments are only cases of the 
discharge which takes place through air between 
the charcoal terminations of the poles of a power- 
ful battery when they arc gradually separated after 
contact — for the air is then heated; and Sir 
Humphry Davy mentions that, with the original 
Toltaic apparatus at the Royal Institution, the 
discharge passed through four inches of air ; that, 
in the exhausted receiver of an air-pump, the 
electricity would strike through nearly half an inch 
of space, and that the combined effects of rarefac- 
tion and heat were such, upon the included air, as 
to enable it to conduct the electricity through a 
space of six or seven inches. A Leyden jar may 
be instantaneously charged with voltaic, and also 
with magneto-electricity — another proof of their 
tension* Such effects cannot be obtained fcoso^^ 

2 k1 
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the other kinds, on account of their weakness 
only. 

The heating powers of ordinary and voltaic 
electricity have long been known, but the world is 
indebted to Mr. Faraday for the wonderful disco* 
very of the heating power of the magnetic fluid: 
there is no indication of heat either from the 
animal or thermo-electricities. All the kinds of 
electricity have strong magnetic powers, thoee of 
the voltaic fluid are highly exalted, and the exist- 
ence of the magneto and thermo-electricities was 
discovered by their magnetic influence alone. The 
needle has been deflected by all in the same man- 
ner, and, with the exception of thermo-electricity, 
magnets have been made by all according to the 
same laws. Ordinary electricity was long supposed 
incapable of deflecting the needle, and it required 
all Mr. Faraday's ingenuity to produce that efiect 
He has, however, proved that, in this respect, also, 
ordinary electricity agrees with voltaic, but that 
time must be allowed for its action. It deflected 
the needle, whether the current was sent through 
rarefied air, water, or wire. Niunerous chemical 
decompositions have been efiected by ordinary and 
voltaic electricity, according to the same laws and 
modes of arrangement. Dr. Davy decomposed 
water by the electricity of the torpedo, — Mr. Fa- 
raday accomplished its decomposition, and Dr. 
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Ritchie its composition, by means of magnetic 
action; but the chemical effects of the thenno- 
electricity have not yet been observed. The elec- 
tric and galvanic^hock, the flash in the eyes, and 
the sensation on the tongue, are well known. All 
these effects axe produced by magneto-electricity, 
even to a painful degree. The torpedo and gym- 
notus electricus give severe shocks, and the limbs 
of a frog have been convulsed by thermo-electri* 
city. The last point of comparison is the spark, 
which is already mentioned as common to the 
ordinary, voltaic, and magnetic fluids; and al- 
though it has not yet been seen from the thermo 
and animal electricities, there can be no doubt 
that it is only on account of their feebleness. 
Indeed, the conclusion drawn by Mr. Faraday is 
that the five kinds of electricity are identical, and 
that the differences of intensity and quantity are 
quite sufficient to account for what were supposed 
to be their distinctive qualities. He has given 
ttfll greater assurance of their identity by showing 
that the magnetic force and the chemical action of 
electricity are in direct proportion to the absolute 
quantity of the fluid which passes through the gal- 
vanometer, whatever its intensity may be. 

In light, heat, and electricity, or magnetism, na- 
ture has exhibited principles which do not occasion 
any appreciable change in the weight of bodies 
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ftithoT^h their presence is manifested by the moit 
remarkable mechanical and chemical action. These 
agencies are so connected, that there is reason to 
believe theyinrill ultimately be preferred to some 
(me power of a higher order, in conformity with 
|;he general economy of the system of the world, 
where the most varied and complicated efiects 
are produced by a small number of universal 
laws. These principles penetrate matter in all di« 
rections; their velocity is prodigious, and their 
intensity varies inversely as the square of the dis- 
tance. The development of electric currents, as 
well by magnetic as electric induction, the simi- 
larity in their mode of action in a great variety of 
circumstances, but above all the production of the 
spark from a magnet, the ignition of metallic wires, 
and chemical decomposition, show that magnetism 
can no longer be regarded as a separate, independ- 
ent principle. That light is visible heat seems 
highly probable; and although the evolution of 
light and heat during the passage of the electric 
fluid may be from the compression of the air, yet 
the development of electricity by heat, the influence 
of heat on magnetic bodies, and that of l^ht on 
the vibrations of the compass, show an occult 
connexion between all these agents, which pro- 
bably will one day be revealed; and in the 
mean time it opens a noble field of experimental 
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Tesearch to philosophers of the present, perhaps <£ 
fdture ages. 

SEOTION XXXVI. 

In considering the constitution of the earth and 
the fluids which surround it, various suhjects have 
presented themselves to our notice, of which somCy 
for aught we know, are confined to the planet we 
inhahit ; some are common to it and to the other 
bodies of our system ; but an all-pervading ether 
probably Alls the whole visible creation, and con- 
veys, in the form of light, tremors which may 
have been excited in the deepest recesses of the 
universe thousands of years before we were called 
into being. The existence of such a medium^ 
though at first hypothetical, is nearly proved by 
the undulatory theory of light, and rendered all 
but certain, within a few years, by the motion of 
comets, and by its action upon the vapours of which 
they are chiefly composed. It has often been 
imagined that, in addition to the effects of heat 
and electricity, the tails of comets have infused 
new substances into our atmosphere. Possibly 
the earth may attract some of that nebulous mat- 
ter, since the vapours raised by the sun's heat, 
when the comets are in perihelio, and which form 
theax tails, are scattered through space in their 
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passage to their aphelion; but it has hitherto 
produced no effect, nor have the fseaaona ever been 
influenced by these bodies. In all probability, the 
tails of comets may have passed over the earth 
without its inhabitants being conscious of their 
presence. 

The passage of comets has never sensibly dis- 
turbed the stability of the solar system; their 
nucleus, being in general only a mass of vapours, 
is so rare, and their transit so rapid, that the time 
has not been long enough to admit of a sufficieut 
accumulation of impetus to produce a perceptible 
action. Indeed, M. Dusejour has proved that, 
under the most favoiurable circumstances, a comet 
cannot remain longer than two hours and a 
half at a less distance than 10500 leagues from 
the earth. The comet of 1770 passed within 
about six times the distance of the moon from 
the earth, without even affecting our tides ; and 
as the moon has no sensible influence on the equi- 
librium of the atmosphere, a comet must have 
still less. According to La Place, the action of 
the earth on the comet of 1770 augmented the 
period of its revolution by more than two days ; 
and if comets had any perceptible disturbing 
energy, the reaction of the comet ought to have 
increased the length of our year. Had the mass 
of that comet been equal to the mass of the earth. 
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its disturbing action would liave increased the 
length of the sideral year by 2^ 53"; but as 
Delambre's computations from the Greenwich 
observations of the sun, show that the length of 
the year has not been increased by the fraction of 
a second, its mass could not have been equal to 
the TiAnr V^^ of that of the earth. This accounts 
for the same comet having twice swept through 
the system of Jupiter's satellites without derang- 
ing the motions of these moons. Dusejour has 
computed that a comet, equal in mass to the earth, 
passing at the distance of 12150 leagues from our 
planet, would increase the length of the year to 
367** 16^ 5", and the obUquity of the ecliptic as 
much as 2°, So the principal action of comets 
would be to alter the calendar, even if they were 
dense enough to affect the earth. 

Comets traverse all parts of the heavens; 
their paths have every possible inclination to 
the plane of the ecliptic, and, unlike the planets, 
the motion of iiiore than half of those that 
have appeared have been retrograde. They 
are only visible when near their perihelia ; then 
their velocity is such, that its square is twice as 
great as that of a body moving in a circle at the 
tame distance, they consequently remain a very 
short time within the planetary orbits ; and as all 
the conic sections of the same focal distance sen- 
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tibly coincide, through a small arc on each aide 
of the extremity of their axis, it is difficult to 
ascertain in which of these curves the comets 
more, from observations made, as they necessarily 
must he, at their perihelia ; but probably- they all 
move in extremely excentnc ellipses, although in 
most cases the parabolic curve coincides most 
nearly with their observed motions. Some few 
seem to describe hyperbolas; such being once 
visible to us, would vanish for ever, to wander 
through boundless space, to the remote sys- 
tems of the imivense. If a planet be supposed 
to revolve in a circular orbit, wlK>se radius is 
equal to the perihelion distance of a comet mov- 
ing in a parabola, the areas described by these 
two bodies in the same time will be as unity 
to the square root of two, which forms such a 
connexion between the motion of comets and 
planets, that, by Kepler's law, the ratio of the 
areas described during the same time by the comet 
and the earth may be found ; so that the place of 
a comet at any time in its parabolic orbit, esti- 
mated from the instant of its passage at the peri- 
helion, may be computed. But it is a problem of 
very great difficulty to determine all the other 
elements of parabolic motion — namely, the comet's 
perihelion distance, or shortest distance from the 
sun, estimated in parts of the mean distance of 
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die earth from the mm ; the longitude of the peri- 
helion ; the inclination of the orbit on the plane of 
the ecliptic ; and the longitude of the ascending 
node. Three observed longitudes and latitudes of 
a comet are sufficient for computing the approxi- 
mate values of these quantities ; but an accurate 
estimation of them can only be obtained by suc- 
cessive corrections from a number of observations, 
distant from one another. When the motion of a 
comet is retrograde, the place of the ascending 
node is exactly opposite to what it is when the 
motion is direct ; hence the place of the ascending 
node, together with the direction of the comet's 
motion, show whether the inclination of the orbit 
is on the north or south side of the plane of the 
ecliptic. If the motion be direct, the inclination 
is on the north side ; if retrograde, it is on the 
south side. 

■ The identity of the elements is the only proof 
of the return of a comet to our system. Should 
the elements of a new comet be the same, or nearly 
the same, with those of any one previously known, 
the probability of the identity of the two bodies is 
Tery great, since the similarity extends to no less 
than four elements, every one of which is capable 
of an infinity of variations. But even if the orbit 
be determined with all the accuracy the case ad- 
mits of, it may be difficult, or even impossibl&^^A 
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recognise a comet on its return, because its orUt 
would be very much changed if it passed near any 
of the large planets of this, or of any other system, 
in consequence of their disturbing energy, which 
would be very great on bodies of so rare a nature. 
Halley computed the elements of the orbit of a 
comet that appeared in the year 1682, which 
agreed so nearly with those of the comets of 1607 
and 1531, that he concluded it to be the same 
body returning to the sun, at intervals of about 
seventy-five years. He consequently predicted its 
re-appearance in the year 1158, or in the begin- 
ning of 1759. Science was not sufficiently ad- 
vanced in the time of Halley, to enable him to 
determine the perturbations this comet might ex- 
perience ; but Clairaut computed that it would be 
retarded in its motion a hundred days by the 
attraction of Satuni, and 518 by that of Jupiter, 
and consequently, that it would pass its perihe- 
lion about the middle of April, 1759, requiring 
618 days more to arrive at that point than in its 
preceding revolution. This, however, he con- 
sidered only to be an approximation, and that it 
might be thirty days more or less : the return 
of the comet on the 12th of March, 1759, proved 
the truth of the prediction. MM. Daraoiseau 
and Pontecoulant have ascertained that this comet 
will return either on the 4th or the 7th of No- 
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vembcr, 1835; the difference of three days in 
their computations arises from their having em- 
ployed different values for the masses of the 
planets. This is the first comet whose peri- 
odicity has been established ; it is also the first 
whose elements have been determined from obser- 
vations made in Europe, for although the comets 
which appeared in the years 240, 539, 565, and 
837, are the most ancient whose orbits have been 
traced, their elements were computed from Chinese 
observations. 

By far the most curious and interesting instance 
of the disturbing action of the great bodies of our 
system is found in the comet of 1770. The ele- 
ments of its orbit, determined by Messier, did not 
agree with those of any comet that had hitherto 
been computed, yet Lexel ascertained that it de- 
scribed an ellipse about the sun, whose major 
axis was only equal to three times the length of 
the diameter of the terrestrial orbit, and conse- 
quently that it must return to the son at interval! of 
five years and a half. This result was confirmed by 
numerous observations, as the comet was visible 
through an arc of 170^; yet this comet had never 
been observed before the year 1770, nor has it ever 
i^ain been seen, though very brilliant The ds»* 
torbing action of the larger planets afiprd a iol«- 
tionof this anomaly, as Lezel asotrtatned Ibil m 
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1^6*1 the comet must have passed Jupiter at a 
distanee less than the fifty-eighth part of its dis- 
tanr^e from the sun, and that in 1119 it would he 
500 tunes nearer Jupiter than the sun ; conse- 
quently the action of the sun on the comet would 
not he the fiftieth part of what it would experienee 
from Jupiter, so that Jupiter hecame the primum 
mobile. Assuming the orbit to be such as Lexel 
had detennined in 1770, La Place found that the 
action of Jupiter, previous to the year 1770, 
had BO completely changed the form of it, that 
the comet which had been invisible to us before 
1770, was then broi:^ht into view, and that the 
action of the same planet producing a contrary 
effect, has, subsequently to that year, removed it, 
probably for ever, from our system. This comet 
might have been seen from the earth in 1776, had 
its light not been eclipsed by that of the sun. 

Besides Halley's comet, two others are now 
proved to form part of our system ; that is to 
say, they return to the sun at intervals, one of 
1207 days, and the other of 6f years, nearly. 
The first, generally called Encke's comet, or the 
comet of the short period, was first seen by MM. 
Messier and Mechain in 1786, again by Miss 
Herschel in 1795, and its returns in the years 1 805 
and 1819 were observed by other astronomers, 
under the impression that all four wert"- different 
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bodies; however, Ftofeawr Encke not only proved 
their idoitity, but determined the dicumstmiioes 
of the comet's motion. Its reappearsnoe in ^tut 
years 1825, 1828, and 1832 accorded with the 
orbit assigned by M. Encke, who thus established 
the length of its period to be 120*7 days, neaxiy. 
This comet is very small, of feeble light, and m* 
visible to the naked eye, except under very favour* 
able circumstances, and in particular positions ; it 
has no tail, it revolves in an ellipse of great excen* 
tricity inclined at an angle of 13^ 22' to the plane 
of the ecliptic, and is subject to considerable per- 
turbations from the attraction of the planets. It 
has already been mentioned, that among the many 
perturbations to which the planets are liable, their 
mean motions, and, therefore, the major axes of 
their orbits, experience no change ; while, on the 
contrary, the mean motion of the moon is accele- 
rated from age to age, a circumstance at first 
attributed to the resistance of an etherial medium 
pervading space, but subsequently proved to arise 
from the secular diminution of the excentricity of 
the terrestrial orbit. Although the resistance of 
such a medium has not hitherto been perceived in 
the motions of such dense bodies as the planets 
and satellites, its eflGects on the revolutions of the 
two small periodic comets h^urdly leave a doubt ai 
ilscxisleiice. From the numerous observatioosthtA 
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have been made on each return of the comet of the 
short period, the elements have been computed 
with great accuracy on the hypothesis of its moving 
in vacuo; its perturbations occasioned by the dis- 
turbing action of the planets have been deter- 
mined ; and after every thing that could influence 
its motion had been duly considered, M. Encke 
found that an acceleration of about two days on 
each revolution has taken place in its mean mo- 
tion, precisely similar to that which would be 
occasioned by the resistance of an etherial me- 
dium ; and as it cannot be attributed to a cause 
like that which produces the acceleration of the 
moon, it must be concluded that the celestial 
bodies do not perform their revolutions in an ab- 
solute void, and that although the medium be too 
rare to have a sensible effect on the masses of the 
planets and satellites, it nevertheless has a con- 
siderable influence on so rare a body as a comet. 
Contradictory as it may seem, that the motion of 
a body should be accelerated by the resistance of 
an etherial mediimi, the truth becomes evident if 
it be considered that both planets and comets are 
retained in their orbits by two forces which ex- 
actly balance one another; namely, the centri- 
fugal force producing the velocity in the tangent, 
and the attraction of the gravitating force directed 
to the centre of the sun. If one of these forces 
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be diminished by any cause, the other will be 
proportionally increased. Now, the necessary 
effect of a resisting medium is to diminish the 
tangential velocity, so that the balance is de- 
stroyed, gravity preponderates, the body descends 
towards the sun till equilibrium is again restored 
between the two forces; and as it then describes 
a smaller orbit, it moves with increased velocity. 
Thus, the resistance of an etherial medium actu- 
ally accelerates the motion of a body, but as the 
resisting force is confined to the plane of the orbit 
it has no influence whatever on the inclination of 
the orbit, or on the place of the nodes. The other 
comet belonging to our system, which returns to 
its perihelion after a period of 6f years, has been 
accelerated in its motion by a whole day during its 
last revolution, which puts the existence of ether 
beyond a doubt, and forms a strong presumptioii 
in corroboration of the undulating theory of light. 
The comet in question was discovered by M. Bids 
at Johannisberg on the 27th of February, 1826, 
and ten days «iiteni|vda it waft aiSj^nJt^^M.' Gmm 
bart at MandUes, whp cwya|i^W paiaboBc, 
elements, and fbnnd that tbej 9^tfi with ibam 
of the cometi whiA had appoand in tha jreaia 
1789 and 1795, wkmcaa ha candiidid than ta W. 
the same body mm^ im aa dlipaaft indiannp 
plishing its revolution in 2460 days. The pertoiba* 

2b 
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tions of this comet were compnted by M. Damoi- 
seau, who predicted that it would cross the plane 
of the ecliptic on the 29th of October, 1832, a 
little before midnight, at a point nearly 18484 
miles within the earth's orbit; and as M. Gibers, 
of Bremen, in 1805, had determined the radius of 
the comet's head to be about 21 136 miles, it was 
evident that its nebulosity would envelope a por- 
tion of the earth's orbit, a circumstance which 
caused great alarm in France, and not altogether 
without reason, for if any disturbing cause had 
delayed the arrival of the comet for one month, 
the earth must have passed through its head. 
M. Arago dispelled their fears by the excellent 
treatise on comets which appeared in the Annuaire 
of 1832, where he proves that, as the earth would 
never be nearer the comet than 24800000 British 
leagues, there could be no danger of collision. 

If a comet were to impinge on the earth, so as 
to destroy its centrifugal force, it would fall to the 
sun in 64 J days. What the earth's primitive 
yiel^ty may baye beeJb it is impossible to say; 
tberefbre a comet may liavfe 'given it a shock 
iviihout cHan§piig tlie axla of l-otation,but only 
destroying jwit of 'ka tay^ieiftial velocit}', so as 
to dinuidBh the rise of the'oAlt, a thing by no 
ine*ni impokflble, ^'fliMgfa HJlilj improbable; at 
all events, there is no proof that such has been 
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the case ; and it is manifest that the fixis of the 
earth's rotation has not heen changed, because, as 
there is no resistance, the libration would to this 
day be evident in the variation it must have occa- 
sioned in the terrestrial latitudes. Supposing the 
nucleus of a comet to have a diameter only equal 
to the fourth part of that of the earth, and that its 
perihelion is nearer to the sun than we are our- 
selves, its orbit being otherwise unknown, M. 
Arago has computed that the probability of the 
earth receiving a. shock from it is only one in 281 
millions, and that the chance of our coming in 
contact with its nebulosity is about ten or .twelve 
times greater. But in general comets are so rare, 
that it is likely they would not do much harm if 
they were to impinge ; and even then the mischief 
would probably be local, and the equilibrium soon 
restored, provided there was only a gaseous or 
very small nucleus. It is, however, more pro- 
bable that the earth would only be deflected a 
little from its course by the approach of a comet, 
without being touched by it The comets that 
seem to have come nearest to the earth were that 
of tJie year 831, which remained four days vnthia 
less than 1240000 leagues from our orbit; that 
cf 1770, which approached within about six 
times the distance of the moon. The celebrated 
otmet of 1680 also came very neax \a \sa^ «3^ 
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the comet whose period is 6} years was ten timei 
nearer the earth in 1805 than in 1832, when it 
caused so much alarm. 

Comets, when in or near their perihelion, move 
with prodigious velocity. That of 1 680 appears 
to have gone half round the sun in ten hours and a 
half, moving at the rate of 880000 miles an hour. 
If its enormous centrifugal force had ceased when 
passing its perihelion, it would have fallen to the 
sun in ahout three minutes, as it was then only 
147000 miles from his surface. So near the 
sun, it would he exposed to a heat 27500 times 
greater than that received hy the earth ; and as 
the sun's heat is supposed to he in proportion to 
ihe intensity of his light, it is probable that a de- 
gree of heat so very intense would be sufficient to 
convert into vapour every terrestrial substance 
with which we are acquainted. At the perihelion 
distance the sun's diameter would be seen from 
the comet under an angle of 73°, so that the sun, 
viewed from the comet, would nearly cover the 
whole extent of the heavens from the horizon to 
the zenith; and as this comet is presumed to 
have a period of 575 years, the major axis of its 
orbit must be so great, that at the aphelion the 
sun's diameter would only subtend an angle of 
about fourteen seconds, which is not so great as 
half the diameter of Mars appears to us when in 
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Opposition. The sun would consequently im- 
part no heat, so that the comet would then 
be exposed to the temperature of the etherial 
regions, which is 58° below the zero point of 
Fahrenheit. A body so rare as the comet, and 
moving with such velocity, must have met with 
great resistance from the dense atmosphere of the 
sun, while passing so near his surface at its peri- 
helion. The centrifugal force must consequently 
have been diminished, and the sun's attraction 
proportionally augmented, so that it must have 
come nearer to the sun in 1680 than in its pre- 
ceding revolution, and would subsequently de- 
scribe a smaller orbit. As this diminution of its 
orbit will be repeated at each revolution, the comet 
will infallibly end by falling on the siuface of the 
sun, imless its course be changed by the disturb- 
ing influence of some large body in the unknown 
expanse of creation. Our ignorance of the actual 
density of the sun's atmosphere, of the density of 
the comet, and of the period of its revolution, 
renders it impossible to form any idea of the num- 
ber of centuries which must elapse before this 
singular event takes place. 

But this is not the only comet threatened with 
such a catastrophe; Encke's, and that^discovered 
by M. Biela, are both slowly tending to the same 
fate. By the resistance of the ether, they wiU 
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perform eaeh Tevolatioa nearer and nearei to the 
aim, till at last they will be precipitated on hia 
atirfacev The same caiise may affect the motiomi 
of the planets, and be ultimately the means of de- 
stroying the solar system ; but, as Sir John Her- 
flchel observes, they could hardly all revolve in 
the same direction round the sun for so many agea 
idthout impressing a corresponding motion on the 
etherial fluid, which may preserve them from the 
accumulated efifects of its resistance. Should this 
material fluid revolve about the sim like a vortex, 
it will accelerate the revolutions of such comets 
as have direct motions, but it will retard those 
that have retrograde motions. 

Though already so well acquainted with the 
motions of comets, we know nothing of their 
physical constitution. A vast number, especially 
of telescopic comets, are only like clouds or masses 
of vapour often without tails. Such were the co- 
mets which appeared in the years 1795, 1197, 
and 1798; but the head commonly consists of a 
mass of light, like a planet surrounded by a very 
transparent atmosphere, the whole, viewed with a 
telescope, being so diaphanous, that the smallest 
star may be seen even through the densest part of 
the nucleus ; and in general their masses, when they 
have any, are so minute that they have no sensible 
diameter, like that of the comet of 1811, which 
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appeared to Sir Wm. HerBchel like a luminouB 
point in the middle of the nebulous matter. The 
nuclei, which seem to be formed of the denser 
strata of that nebulous matter in successive coat- 
ings, are oft^i of great magmtude; those of' the 
comets which came to the sun in the years 1199 
and 1807 had nuclei whose diameters measured 
180 and 275 leagues respectively, and the second 
comet of 1811 had a nucleus 1350 leagues in dia- 
meter.^ 

The nebulosity immediately round the nncleoB 
is so diaphanous that it gives little light; but 
at a small distance the nebulous matter becomes 
suddenly brilliant, so as to look like a bright 
ving round the body. Sometimes there are as 
many as two or three of these luminous con- 
centric rings separated by dark intervals, but 
they are generally incomplete on the side next 
the tail. In the comet of 1811, the luminous 
ling was 12400 leagues thick, and the distance 
between its interior surface and the centre of the 
nudeoB was as much as 14880 leagues. The 
thidcness of these bright diaphanous coatings in 
the comets of 1807 and 1799 were 14880 and 
9920 leagues respectively. The transit of a comet 
over the sun would afford the best informa- 
tion with r^ard to the nature of the nuclei It 
computed that such an event was to take 
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place in the year 1827; unfortunately the smi 
was hid by clouds from the British astronomen, 
but it was examined at Viviers and at Marseilles, 
at the time the comet must have been projected 
on its disc, but no spot or cloud was to be seen. 

The tails of comets proceed from the head in 
two streams of light somewhat like that of the 
aurora ; these in most cases unite at a greater or 
less distance from the nucleus, and are gene- 
rally situate in the planes of their orbits; they 
follow the comets in their descent towards the 
sun, but precede them in their return with a 
small degree of curvature, probably owing to the 
resistance of the ether, but their extent and* form 
must vary in appearance according to the positions 
of their orbits with regard to the ecliptic. In some 
cases, the tail has been at right angles to the line 
joining the sun and comet. They are generally of 
enormous lengths, — the comet of 1811 had a tail 
no less than 34 millions of leagues in length, and 
those which appeared in the years 1618, 1680, 
and 1769, had tails which extended respectively 
over 104, 90, and 97 degrees of space; conse- 
quently, when the heads of these comets were set, 
a portion of the extremity of their tails was still in 
the zenith. Sometimes the tail is divided into 
several branches, like the comet of 1744, which 
had six, separated by dark intervals, each of them 
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about 4° broad, and from 30° to 44° long. The 
tails do not attain tbeir full magnitude till the 
comet has left the sun. When these bodies first 
appear, they resemble round films of vapour with 
little or no tail ; as they approach the sun, they 
increase in brilliancy, and their tail in length, tQI 
they are lost in his rays ; and it is not till they 
emerge from the sun's more vivid light that they 
assume their frill splendour. They then gradually 
decrease by the same degrees ; their tails diminish 
and disappear nearly or altogether before the 
comet is beyond the sphere of telescopic vision. 
Many comets have no tails at all, as, for example, 
£ncke's comet and that discovered by M. Biela, 
both of which are small and insignificant objects. 
The comets which appeared in the years 1585, 
1763, and 1682, were also without tails, though 
the latter is recorded to have been as bright as 
Jupiter. The matter of the tail must be extremely 
buoyant to precede a body moving with such velo* 
city; indeed the rapidity of its ascent can only 
be accounted for by the fervent heat of the sua. 
Immediately after the great comet of 1680 had 
passed its perihelion, its tail was 20000000 leagues 
in length, and was projected from the comet's head 
in the short space of two days. A body of sueh 
extreme tenuity as a comet is most likely incapaUe 
of an attraction powerful enough to recall matter 
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lent to such an enonnoiu (fistaace ; it is therefore, 
in aQ prabftbility^ scattered in space, ii^uch may 
account for tiie rapid decrease obaerved in the tails 
of comets every time they return to their perihelia. 
It is remarkable that, although the tails of co- 
mets increase in length as they approach their pe- 
rihelia^ there is reason to believe that the real di»- 
meter of the nebulous matter or nucleus contracts 
eon coming near the sun, and expands rapidly on 
leaving him. Hevelius first observed this pheno^ 
menon, which Encke's comet has exhibited in a 
very extraordinaTy degree. On the 28th of Octo- 
her, 1828, this comet was about three times as far 
firom the sun as it was on the 24th of December, 
yet at the first date its apparent diameter was 
twenty-five times greater than at the second, the 
decrease being progressive. M. Valz attributes 
the circumstance to a real condensation of volume 
from the pressure of the ethereal medium, which 
increases most rapidly in density towards the sur- 
face of the sun, and forms an extensive atmosphere 
around him. Sir John Herschel, on the contrary, 
conjectures that it may be owing to the alternate 
conversion of evaporable materials in the upper 
regions of a transparent atmosphere into the states 
of visible cloud and invisible gas by the effects of 
heat and cold. Not only the tails, but the nebulous 
part of* comets diminishes every time they return 
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to their perihelia; after frequent returns they 
ought to lose it altogether, and present the appear- 
ance of a fixed nucleus : this ought to happen 
sooner to comets of short periods. La Place sup- 
poses that the comet of 1682 must be approaching 
rapidly to that state. Should the substances be 
altogether, or even to a great degree, evaporated^ 
the comet would disappear for ever. Possibly 
comets may have vanished from our view sooner 
than they would otherwise have done from this 
cause. 

In those positions of comets where only half of 
their enlightened hemisphere ought to be seen if 
they shine by reflected light, they ought to exhibit 
piiases, but even with high magnifying powers 
none have been detected, though some slight indi- 
cations are said to have been once observed by 
Hevelius and La Hire in 1682. In general the 
light of comets is dull, — that of the comet of 1811 
was only equal to the tenth part of the light of 
the. fuU moon, but some have been brilliant enougjb 
to be visible in full daylight, especially the comet 
of 1744, which was seen without a telescope at 
one o'clock in the afternoon, while the sun was 
•hining; whence it maybe inferred that, although 
some come^ts may be altogether diaphanous^ others 
seem to possess a solid mass resembling a planet ; 
bat whether they shioe by their own or by reflected 
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light has never been satisfactorily made out till 
now. As light is polarized by reflection at cer- 
tain angles, it would aflbrd a decisive test, were it 
not that a body is capable of reflecting light, 
though it shines by its own ; so that it would not 
be conclusive, even if the light of a comet were 
polarized light. M. Arago, however, has with 
great ingenuity discovered a method of ascertain- 
ing this point, independent both of phases and 
polarization. 

Since the rays of light diverge from a luminous 
point, they will be scattered over a greater space 
as the distance increases, so that the intensity of 
the light on a screen two feet from the object is 
four times less than at the distance of one foot ; 
three feet from the object it is nine times less, and 
so on, decreasing in intensity as the square of the 
distance increases. As a self-luminous surface 
consists of an infinite number of luminous points, 
it is clear that, the greater the extent of surface, 
the more intense will be the light; whence it 
may be concluded that the illuminating power of 
such a surface is proportional to its extent, and 
decreases inversely as the square of the distance. 
Notwithstanding this, a self-luminous surface, 
plane or curved, viewed through a hole in a plate 
of metal, is of the same brilliancy at all possible 
distances as long as it subtends a sensible angle, 
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because, as the distance increases, a greater 
portion comes into view, and as the augmenta- 
tion of surface is as the square of the dia- 
meter of the part seen through the hole, it in- 
creases as the square of the distance. Hence, 
though the number of rays from any one point of 
the surface which pass through the hole decrease 
inversely as the square of the distance, yet, as the 
extent of surface which comes into view increases 
also in that ratio, the brightness of the object is 
the same to the eye as long as it has a sensible 
diameter. For example — Uranus is about nine- 
teen times farther from the sun than we are, so 
that the sun, seen from that planet, must appear 
like a star with- a diameter of a hundred seconds, 
and must have the same brilliancy to the inhabit- 
ants that he would have to us if viewed through 
a small circular hole having a diameter of a hun- 
dred seconds. For it is obvious that light comes 
from every point of the sun's surface to Uranus, 
whereas a very small portion of his disc is visible 
through the hole; so that extent of surface ex- 
actly compensates distance. Since, then, the visi- 
bility of a self-luminous object does not depend 
upon the angle it subtends as long as it is of 
sensible magnitude, if a comet shines by its own 
light, it should retain its brilliancy as long as its 
diameter is of a sensible magnitude; and e^^^^OL 
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after it has lost an apparent diameter, it oaght, 
Kke the fixed stars, to be visible, and should only 
vanish in consequence of extreme remoteness. 
That, however, is far from being the case — comets 
gradually become dim as their distance increases, 
and vanish merely from loss of light, while thq^ 
still retain a sensible diameter, which is proved 
by observations made the evening before they 
disappear. It may therefore be concluded that 
comets shine by reflecting the sun's light. The 
most brilliant comets have hitherto ceased to be 
visible when about five times as far fix)m the sun 
as we are. Most of the comets that have been 
visible from the earth have their perihelia within 
the orbit of Mars, because they are invisible when 
as distant as the orbit of Saturn : on that account 
there is not one on record whose perihelion is 
situate beyond the orbit of Jupiter. Indeed, the 
comet of 1756, after its last appearance, remained 
five whole years within the ellipse described by 
Saturn without being once seen. A hundred and 
forty comets have appeared within the earth's 
orbit during the last century that have not again 
been seen. If a thousand years be allowed as the 
average period of each, it may be com])uted, by 
the theory of probabilities, that the whole number 
which range within the earth's orbit must be 
1400 ; but Uran\i8 being about nineteen times 
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more distant, there may be no less than 11200000 
comets that come within the known extent of our 
system. M. Arago makes a different estimate: 
he considers that, as thirty comets are known to 
have their perihelion distance within the orbit of 
Mercury, if it be assumed that comets are uni- 
formly distributed in space, the number having 
their perihelion within the orbit of Uranus must 
be to thirty as the cube of the radius of the orbit 
of Uranus to the cube of the radius of the orbit of 
Mercury, which makes the number of comets 
amount to 3529470; but that number may be 
doubled if it be considered that, in consequence of 
day-flight, fogs, and great southern declination, 
one comet out of two is concealed from us. So, 
according to M. Arago, more than seven Tnil]ioTii^ 
of comets frequent the planetary orbits. 

SECTION XXXVI. 

Great as the number of comets appears to be, it 
is absolutely nothing when compared to the num- 
ber of the fixed stars. About two thousand only 
are visible to the naked eye ; but when we view 
the heavens with a telescope, their number seems 
to be Hmited only by the imperfection of the in- 
strument. In one hour Sir William Herschel esti* 
mated that 50000 stars passed through the field 
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of his telescope, in a zone of the heavens 2** in 
breadth. This, however, was stated as an instance 
of extraordinary crowding; but, at an average, 
the whole expanse of the heavens must exhibit 
about a hundred millions of fixed stars that come 
within the reach of telescopic vision. 

The stars are classed according to their appa- 
rent brightness, and the places of the most remark- 
able of those visible to the naked eye are ascer- 
tained with great precision, and formed into a 
catalogue, not only for the determination of geo- 
graphical position by their occultations, but to 
serve as points of reference for finding the places 
of comets and other celestial phenomena. The 
whole number of stars registered amounts to 
about 15000 or 20000. The distance of the 
fixed stars is too great to admit of their exhi- 
biting a sensible disc ; but, in all probability, they 
are spherical, and must certainly be so if gravita- 
tion pervades all space, which it may be presumed 
to do, since Sir John Herschel has shown that it 
extends to the binary systems of stars. With a 
fine telescope the stars appear like a point of light, 
their occultations by the moon are therefore in- 
stantaneous ; their twinkling arises from sudden 
changes in the refractive power of the air, which 
would not be sensible if they had discs like the 
planets. Thus we can learn nothing of the rela- 
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tive distances of the stars from us and from oiie 
another by their apparent diameters; but their an- 
nual parallax being insensible, shows that we must 
be one hundred millions of millions of miles at least 
firom the nearest ; many of them, however, must 
be vastly more remote, for of two stars that appear 
close together, one may be far beyond the other in 
the depth of space. The light of Sirius, according 
to the observations of Sir John Herschel, is 324 
times greater than that of a star of the sixth mag- 
nitude ; if we suppose the two to be really of the 
same size, their distances from us must be in the 
ratio of 51*3 to 1, because light diminishes as the 
square of the distance of the luminous body in- 
creases. 

Nothing is known of the absolute magnitude of 
the fixed stars, but the quantity of light emitted by 
many of them shows that they must be much 
larger than the sun. Dr. WoUaston determined 
the approximate ratio that the light of a wax 
cundle bears to that of the sun, moon, and stars, 
by. comparing their respective images, reflected 
from small glass globes flUed with mercury, whence 
a comparison was established between the quan- 
tities of light emitted by the celestial bodies them- 
selves. By this method he found that the light of 
the sun is about twenty millions of millions of 
times greater than that of Sirius, the brightest. 
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and supposed to be the neai^st of die fixed start* 
If Sirius had a parallax of half a second, its dis- 
tance from the earth would be 525481 times tlie 
distance of the sun from the earth ; and therefore 
Sirius, placed where the sun is, would appear to 
US to be 3 * 7 times as large as the sun, and would 
give 13*8 times more light : but many of the fixed 
stars must be infinitely larger than Sirius. 

Many stars have vanished from the heavens; 
tiie star 42 Virginis seems to be of this number, 
having been missed by Sir John Herschel on the 
9th of May, 1828, and not s^in found, though 
lie frequently had occasion to observe that part of 
~the heavens. Sometimes stars have all at onoe 
appeared, shone with a bright light, and vanished. 
Several instances of these temporary stars are on 
record; a remarkable instance occurred in the 
year 125, which is said to have induced Hip- 
parchus to form the first catalogue of stars. An- 
other star appeared suddenly near a Aquilae in 
•the year 389, which vanished after remaining for 
three weeks as bright as Venus. On the 10th of 
October, 1604, a brilliant star burst forth in the 
constellation of Serpentarius, which continued 
visible for a year ; and a more recent case occurred 
in the year 1670, when a new star was discovered 
in the head of the Swan, which, after becoming 
invisible, reappeared^ and after many variations 
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in Hght vanished after two years, and has never 
since been seen. In 1572, a star was disco- 
vered in Cassiopeia, which rapidly increased in 
bii^tness till it even surpassed that of Jupiter; 
it then gradually diminished in splendour, and 
after exhibiting all the variety of tints that infi- 
cates the changes of combustion, vanished sixteen 
months after its discovery without altering its 
position. It is impossible to imagine anything 
more tremendous than a conflagration that could 
be visible at such a distance. It is however sus- 
pected that this star may be periodical and identi* 
■cal leith the stars which appeared in the years 945 
jOEid 1264. There are probably many stars which 
alternately vanish and reappear among the in- 
numerable multitudes that spangle the heavens,. 
iJie periods of thirteen have already been] pretty 
tveU ascertained. Of these the most remarkable 
is the stair Omicron in the constellation Cetus. It 
mppean about twelve times in eleven years, and 
ia of variable brightness, sometimes appearing 
like a star of the second magnitude ; but it neither 
idways arrives at the same lustre, nor does it in- 
cieaae or diminish by the same degrees. Accord- 
log to Hevelius, it did not appear at all for four 
years, y Hydrae • also vanishes and reappears 
Cfery'494 days, and a very singular instance of 
foaodadty is given by Sh* John Herschel \Tk\!tife 

2c2 
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star Algol or /3 Persei, which is described as re^ 
taining the size of a star of the second magnitude 
for two days and fourteen seconds ; it then sud^ 
denly begins to diminish in splendotir, and in 
about three hours and a half is reduced to the 
size of a star of the fourth magnitude: it tlieii 
begins again to increase, and in three hours and 
a half more regains its usual brightness, go^ 
ing through all these vicissitudes in two days, 
twenty hours, and forty-eight minutes. The 
cause of the variations in most of the periodical 
stars is unknown, but, from the changes of Algol, 
M. Goodricke has conjectured that they may be 
occasioned by the revolution of some opaque 
body, coming between us and the star, obstructing 
part of its light. Sir John Herschel is struck 
with the high degree of activity evinced by 
these changes in regions where, * but for such 
evidences, we might conclude all to be lifeless.' 
He observes that our own sun requires nine times 
the period of Algol to perform a revolution on its 
own axis ; while, on the other hand, the periodic 
time of an opaque revolving body sufficiently large 
to produce a similar temporary obscuration of the 
sun, seen from a fixed star, would be less than 
fourteen hours. 

Many thousands of stars that seem to be only 
brilliant points, when carefully examined are found 
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to be in reality systems of two or more suns, some 
revolving about a common centre. These binary 
and multiple stars are extremely remote, requiring 
the most powerful telescopes to show them sepa- 
rately. The first catalogue of double stars, in 
which their places and relative positions are deter- 
mined, was accomplished by the talents and indus- 
try of Sir William Herschel, to whom astronomy 
is indebted for so many brilliant discoveries, and 
with whom the idea of their combination in binary 
and multiple systems originated — an idea com- 
pletely established by his own observations, rer 
cently confirmed by those of his son. The mo- 
tions of revolution of many round a common centre 
have been ascertained, and their periods deter- 
mined with considerable accuracy. Some have, 
since their first discovery, already accomplished 
nearly a whole revolution, and one, »/ Coronse, is 
actually considerably advanced in its second period. 
These interesting systems thus present a species 
of sidereal chronometer, by which the chronology 
of the heavens will be marked out to future ages 
by epochs of their own, liable to no fluctuations 
irom planetary disturbances, such as obtain in our 
system. 

In observing the relative position of the stars 
of a binary system, the distance between them^ 
and also the angle of position, that is, the angle 
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which the meridian or a parallel to the equate 
makes with the line joining the two stars ai 
measured. The accuracy of each result depenc 
upon taking the mean of a great number of Ht 
best observations, and eliminating error by mi; 
tual comparison. The distances between tli 
stars are so minute that they cannot be mee 
sured with the same accuracy as the angles \ 
position; therefore, to determine the orbit of 
star independently of the distance, it is necessai 
to assume, as the most probable hypothesis, thi 
the stars are subject to the law of gravitation, an 
consequently, that one of the two stars revolves i 
an ellipse about the other, supposed to be at res 
though not necessarily iii the focus. A curve i 
thus constructed graphically by means of th 
angles of position and the corresponding times ( 
observation. The angular velocities of the stai 
are obtained by drawing tangents to this curve s 
stated intervals, whence the apparent distances, c 
radii vectores, of the revolving star become know 
for each angle of position ; because, by the law 
of elliptical motion, they are equal to the squai 
roots of the apparent angular velocities. Noi 
that the angles of position estimated from a givei 
line, and the corresponding distances of the tw 
stars, are known, another curve may be drawr 
which will represent on paper the actual orbit o 
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the star projected on the visible surface of the 
heavens ; so that the elliptical elements of the true ■ 
orbit and its position in space may be determined 
by a combined system of measurements and com- 
putation. But as this orbit has been obtained 
on the hypothesis that gravitation prevails in these 
distant regions, which could not be known hprioriy 
it must be compared with as many observations as 
can be obtained, to ascertain how far the computed 
ellipse agrees with the curve actually described by • 
the star. 

By this process Sir John Herschel has disco* 
vered that several of these systems of stars arc 
subject to the same laws of motion with our system 
of planets : he has determined the elements of their 
elliptical orbits, and computed the periods of their 
revolution. One of the stars of y Virginis revolves 
about the other in 629 years ; the periodic time of 
a CoTonee is 287 years ; that of Castor is 253 
years ; that of c Bootes is 1 600 ; that of 70 Ophiuci '• 
is ascertained by M. Savary to be 80 years ; and 
Professor Encke has shown that the revolution of 
I Ursae is completed in 58 years. The two first 
of these stars are approaching their perihelia, — 
y Virginis will arrive at it on the 18th of August,' 
1834, and Castor some time in 1855. The actual 
proximity of the two component stars in each case 
wiU then be cirtreme, and the apparent atv^o^Kt 
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ipdocity 10 great, that» in the case of y Vugiiiia^ 
aa angle of 68^ may bedefcribed in a single yen;, 
rdorome will also attain its perihelion about 1835^ 
Sir John Herscfael, Sir James South, and Profeniw. 
Strove of Dorpat, have incfcased Sir William. 
Herschel's original catalogue to more than 3000^. 
of which- thirty or forty are known to form ra^ 
volvuig or binary systems, and Mr. Dunlop haa* 
ftnned a catalogue^ of 253 double stars in the 
eotttheni hemisphere. The motion of Mercury ia 
more rapid than that of any other ][danet, being at 
the rate of 101000 miles in an hour; the perihe^ 
hxm Yelooity of the comet of 1680 was no lo» 
than 880000 miles an hour; but if the ttt^ 
stars of £ Ursse be as remote from one another 
as the nearest fixed star is from the sun, the 
velocity of the revolving stars must exceed imagi- 
nation. The discovery of the elliptical motion 
of the double stars excites the highest interest, 
since it shows that gravitation is not peculiar to 
our system of planets, but that systems of suns in 
the far distant regions of the universe are also 
obedient to its laws. 

Possibly, among the multitudes of small stars, 
whether double or insulated, some may be found 
near enough to exhibit distinct parallactic motions, 
arising from the revolution of the earth in its 
orbit. Of two stars apparently in close approxi- 
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mation, one may be far behind the other in space. 
These may seem near to one another when viewed 
from the earth in one. part of its orbit, but may 
separate widely when seen from the earth in an- 
other position, just as two terrestrial objects appear 
to be one when viewed in the same straight line^ 
but separate as the observer changes his position. 
In this case the stars would not have real, but 
only apparent motion. One of them would seem 
to oscillate annually to and fro in a straight line 
on each side of the other — a motion which could 
not be mistaken for that of a binary system, where 
one star describes an ellipse about the other. 
Such parallax does not yet appear to have been 
made out, so that the actual distance of the stars 
ia still a matter of conjecture. 

The double stars are of various hues, but 
most frequently exhibit the contrasted colours^ 
The large star is generally yellow, orange, or red; 
and the small star blue, purple, or green. Some- 
times a white star is combined with a blue or 
purple, and more rarely a red and white are united. 
In many cases, these appearances are due to the 
influences of contrast on our judgment of colours. 
For example, in observing a double star, where the 
lai^ one is a full ruby-red or almost blood-colour, 
and the small one a fine green, the latter loses its 
colour when the former is hid by the cross wit^ 
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of the teleicope. Buttliere are a Tart nmnber^if 
inatances whert the cokmra are too gtrea g l y 
maikod to be merely imaginaiy. Sir Joha Her^' 
Bchel observes in one of his/papera in the Pt^bK 
fluplucal Transactions, as a very lemarkable hfc^ 
that, although red stars are common enough, ii» 
example of an insulated blue, green, or purple oae 
haa yiet been produced. 

Besides the revolutions about one another, eomo' 
of the binary systems are carried ibrward in spaoa' 
by a motion common to both stars, towards som* 
unknown point in the firmament. The two staia 
of 61 C]fgni, which are nearly equal, and -hacm 
wmained at the distance of about 15'' from eadk 
other for fifty years, have changed their place in 
the heavens during that period, by a motion which- 
lor ages must appear uniform and rectilinear: 
because, even if the path be curved, so small a 
portion of it must be sensibly a straight line to us. 
Multitudes of the single stars also have proper 
motions, yet so minute that that of jjl Cassiopeiie, 
which is only 3" • 14 annually, is the greatest yet 
observed ; but the enormous distances of the stars 
make motions appear small to us which are in 
reality very great. Sir William Herschel conceived 
that, among many irregularities, the motions of 
the stars have a general tendency towards a point 
diametrically opposite to that occupied by the star 
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^ Herculis, T^hich he attributed to a motioii of 
the solar system in the contrary direction. Should 
this really be the case, the stars, from the eflfects 
of perspective alone, would seem to diverge in tiie 
direction to which we are tending, and would ap- 
parently converge in the space we leave, and there 
would be a regularity in these apparent motions 
which would in time be detected ; but if the solar 
system and the whole of the stars visible to m be 
carried forward in space by a motion common to 
all, like ships drifting in a current, it would be 
impossible for us, who move with the rest, to 
ascertain its direction. There can be no doubt of 
the progressive motion of the sun and many of 
the stars, but sidereal astronomy is not far enough 
advanced to determine what relations these bear 
to one another. 

The stars are scattered very irregularly over the 
firmament. In some places they are crowded to- 
gether, in others thinly dispersed. A few groups 
more closely condensed form very beautiful objects 
even to the naked eye, of which the Pleiades and 
the constellation Coma Berenices are the most 
striking examples; but the greater nimiber of 
these clusters of stars appear to unassisted vision 
like thin white clouds or vapours : such is the. 
milky way, which, as Sir William Herschel has: 
proved, derives its : brightness from the difiran^. 
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light of tlie myriads of stars that form it. Most 
of them are extremely small on account of their 
enormous distances, and they are so numerous 
that, according to his estimation, no fewer than 
50000 passed through the field of his telescope in 
the course of one hour in a zone 2° broad. This 
singular portion of the heavens, constituting part 
of our firmament, consists of an extensive stratum 
of stars, whose thickness is small compared with 
its length and breadth ; the earth is placed about 
midway between its two surfaces, near the point 
where it diverges into two branches. Many clus- 
ters of stars appear like, white clouds or round 
comets without tails, either to unassisted vision 
or with ordinary telescopes; but with powerful 
instruments Sir John Herschel describes them as 
conveying the idea of a globular space filled full 
of stars insulated in the heavens, and constituting 
a family or society apart from the rest, subject 
only to its own internal laws. To attempt to 
count the stars in one of these globular clusters, 
he says, would be a vain task, — that they are not 
to be reckoned by hundreds, — and, on a rough 
computation, it appears that many clusters of this 
description must contain ten or twenty thousand 
stars compacted and wedged together in a round 
space whose area is not more than a tenth part of 
that covered by the moon; so that its centre. 
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where the stars are seen projected on each other, 
is one hlaze of light. If each of these stars be a 
sun, and if they he separated by intervals equal to 
that which separates our sun from the nearest 
fixed star, the distance which renders the whole 
cluster barely visible to the naked eye must be so 
great, that the existence of this splendid assem- 
blage can only be known to us by light which 
must have left it at least a thousand years ago. 
Occasionally these clusters are so irregular and so 
undefined in their outline as merely to surest the 
idea of a richer part of the heavens. They con- 
tain fewer stars than the globular clusters, and 
sometimes a red star forms a conspicuous object 
among them. These Sir William Henchel re- 
garded as the rudiments of globular clusters in a 
less advanced state of condensation, but tending to 
that form by their mutual attraction. 

Multitudes of nebulous spots are to be seen on 
the clear vault of heaven which have every ap- 
pearance of being clusters like those described, 
but are too distant to be resolved into stars by the 
most excellent telescopes. This nebulous matter 
exists in vast abundance in space. No fewer than 
2000 nebulae and clusters of stars were observed 
by Sir William Herschel, whose places have been 
computed from his observations, reduced to a cotn- 
xnon epoch, and arranged into a catalogue in order 
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of right ascension by his sister, Miss Caroline Her- 
schel, a lady so justly eminent for astronomical 
knowledge and discovery. Six or seven hundred 
nebulae have already been ascertained in the south- 
em hemisphere; of these the magellanic clouds 
are the most remarkable. The nature and use of 
this matter, scattered over the heavens in such a va- 
riety of forms, is involved in the greatest obscurity. 
That it is a self-luminous, phosphorescent, material 
substance, in a highly dilated or gaseous state, bat 
gradually subsiding by the mutual gravitation of 
its particles into stars and sidereal systems, is 
the hypothesis which seems to be most generally 
received; but the only way that any real know- 
ledge on this mysterious subject can be obtained 
is by the determination of the form, place, and 
present state of each individual nebula; and a 
comparison of these with future observations will 
show generations to come the changes that may 
now be going on in these supposed rudiments 
of future systems. With this view^ Sir John 
Herschel began in the year 1825 the arduous and 
pious task of revising his illustrious father's ob* 
servations, which he finished a short time before 
he sailed for the Cape of Good Hope, in order to 
disclose the mysteries of the southern hemisphere, 
because he considers our firmament to be ex* 
hausted till farther improvements in the telescope 
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aliall liable astronomers to penetrate deeper into 
^q»ce. In a truly splendid paper read before tbe 
Royal Society on tbe 21st of November, 1833, he 
gives the places of 2500 nebulae and clustere of 
■tars. Of these, 500 are new, — tbe rest be men- 
tions with peculiar pleasure as having been most 
uccurately determined by his father. This work is 
the more extraordinary, as, from bad weather, fogs, 
twilight, and nK)onligbt, these shadowy appearances 
are not visible, at an average, above thirty nights 
in the year. 

Hie nebulae have a great variety of forms. Vast 
Biiiltitudes are so faint as to be with difficulty 
discerned at all till they have been for some time 
in the field of the telescope, or are just about to 
quit it. Many present a large ill-defined sur&ce, 
in which it is difficult to say where the centre of 
the greatest brightness is. Some cling to stan 
like wisps of cloud ; others exhibit the wonderfiil 
appearance of an enormous flat ring seen very 
obliquely, with a lenticukr vacancy in the centre. 
A very remarkable instance of an annular nebula 
ia to be seen exactly half-way between P ind 
y Lyi». It is elliptical in the ratio oi 4to H, 
18 sharply defined, the internal opening occu- 
pying about half the diameter, Tliif opening 
ia not entirely dark, but filled up wWh a fcJiit 
hazy light, aptly compared by fiir John Har* 
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8chcl to fine gauze stretched over a hoop. Two 
are described as most amazing objects: — one 
like a dumb-bell or hour-glass of bright matter, 
surrounded by a thin hazy atmosphere, so as to 
give the whole an oval form, or the appearance of 
an oblate spheroid. This phenomenon bears no 
resemblance to any known object. The other con- 
sists of a bright round nucleus, surrounded at a 
distance by a nebulous ring split through half its 
circumference, and having the split portions sepa- 
rated at an angle of 45^ each to the plane of the 
other. This nebula bears a strong similitude to 
the milky way, and suggested to Sir John Herschd 
the idea of * a brother system bearing a real phy- 
sical resemblance and strong analogy of structure 
to our own.' It appears that double nebulce are 
not unfrequent, exhibiting all the varieties of dis- 
tance, position, and relative brightness with their 
counterparts the double stars. The rarity of single 
iiebulaj as large, faint, and as little condensed in 
the centre as these, makes it extremely improbable 
that two such bodies should be accidentally so 
near as to touch, and often in part to overlap each 
other as these do. It is much more likely that 
they constitute systems ; and if so, it will form an 
interesting subject of future inquiry to discover 
whether they possess orbitual motion round one 
another. 
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Stellar nebulae form another class. These have 
a round or oval shape, increasing in density to- 
wards the centre. Sometimes the matter is so 
rapidly condensed as to give the whole the appear- 
ance of a star with a blur, or like a candle shining 
through horn. In some instances the central 
matter is bo highly and suddenly condensed, so 
▼ivid and sharply defined, that the nebula might 
be taken for a bright star surrounded by a thiu 
atmosphere. Such are nebulous stars. The zo- 
diacal light, or lenticular-shaped atmosphere of 
the sun, which may be seen extending beyond the 
orbits of Mercury and Venus soon after sunset in 
the months of April and May, is supposed to be a 
condensation of the ethereal medium by his at* 
tractive force, and seems to place our sun among 
the class of stellar nebulae. The stellar ncbulffi 
and nebulous stars assume all degrees of cllipti- 
city. Not unfrequently they are long and narrow^ 
like a spindle-shaped ray, with a bright nucleus 
in the centre. The last class arc the planetary 
nebuke. These bodies have exactly tlic ap|)car- 
ance of planets, with sensibly round or oval di»cit 
sometimes sharply terminated, at other times hascy 
and ill defined. Their surface, which in blue or. 
hluish-white, is equable or slightly mottled, and 
their light occasionally rivals tliat of the plancta 
in viYidness. They are generally attended by mi* 

1u 
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nute Btars which give the idea of Bccompanying 
^ satellites. These nebulae are of enormous diinen- 

/ sions. One of them, near v Aquaiii, has a Bea- 

.. ; sible diameter of about 2(y\ and another presents 

a diameter of 12". Sir John Herschel has com- 
puted that, if these objects be as far from ns as 
the stars, their real magnitude must, even on tlie 
lowest estimation, be such as would fill the oilMt 
of Uranus. He concludes that, if they be mlid 
bodies of a solar nature, their mtrinsic splendoar 
must be greatly inferior to that of the sun, became 
a circular portion of the sun's disc, subtending an 
angle of 20", would giv^ a light equal to thftt of 
a hundred full moons, while, on the contrary, the 
objects in question are hardly, if at all, visible to 
the naked eye. From the uniformity of the discs 
of the planetary nebulae, and their want of appa- 
rent condensation, he presumes that they may be 
hollow shells, only emitting light from their sur- 
faces. 

The existence of every degree of ellipticity in 
the'nebulse — from long lenticular rays to the ex- 
act'circular form, — and of every shade of central 
condensation — ^from the slightest increase of den- 
sity to apparently a solid nucleus, — ^may be ac- 
counted for by supposing the general constitutioii 
of these nebulae to be that of oblate spheroidal 
masses of every d^ee of flatnesa, from the wfhen 



PHYSICAL SCIENCES. 403 

to the disc, and of every variety in their density 
and ellipticity towards the centre. It would be 
erroneous however to imagine, that the forms of 
these systems are maintained by forces identical 
with those already described, which determine the 
form of a fluid mass in rotation ; because, if the 
nelmlse be only clusters of separate stars, as in the 
greater number of cases there is every reason to 
believe them to be, no pressure can be propagated 
through them. Consequently, since no general 
rotation of such a system as one mass can be sup- 
posed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multi- 
tude of stars, each of which may be moving in an 
orbit about the common centre of the whole, in 
virtue of a law of internal gravitation resulting 
from the compound gravitation of all its parts. 
SitJohn Herschel has proved that the existence 
of such a system is not inconsistent with the law 
of gravitation under certain conditions. 

The distribution of the nebulae over the heavens 
is eveu more irregular than that of the stars. In 
some places they are so crowded togetlicr as 
scarcely to allow one to pass thronp;!! the fu;Id of 
the telescope before another appears, while in 
odier parts hours elapse without a Hin^ln nelnila 
oeenring in the zone under observation. They 
mm imr general only to be seen with the very iKsst 

*2 i> *2 
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telescopes, and are most abundant in a zone whose 
general direction is not far from the hour cirdeR 
0^ and 12^, and which crosses the milky way 
nearly at right angles. Where that zone crosses 
the constellations Virgo, Coma Berenices, and the 
Great Bear, they are to be foimd in multitudes. 

Such is a brief account of the discoveries con* 
tained in Sir John HerschePs paper, which, in 
sublimity of views and patient investigation, has 
not been surpassed in any age or country^ To 
him and to Sir William Herschel is due almost aH 
that is known of sidereal astronomy; and in the 
inimitable works of that highly-gifted fajtherand 
son, the reader will find this subject treated of is' 
a style altogether worthy of it, and of them. 

So numerous are the objects which meet our 
view in the heavens, that we cannot imagine, a 
part of space where some light would not strike 
the eye ; — innumerable stars, thousands of double 
and multiple systems, clusters in one blaze with 
their tens of thousands of stars, and the nebuUs 
amazing us by the strangeness of their forms and 
the incomprehensibility of their nature, till at last, 
from the imperfection of our senses, even these 
thin and airy phantoms vanish in the distance. 
If such remote bodies shine by reflected light, we 
should be unconscious of their existence; eadi 
star must then be a sun, and may be presumed 
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•fttf have its system of planets, satellites, and cq* 
mets, like our own; and, for aught we know, 
myriads of bodies may be wandering in space un- 
seen by us, of whose nature we can form no idea^ 
und still less of the part they perform in the eco- 
.nomy of the universe; nor is this an unwarranted 
presumption ; many such do come within the 
sphere of the earth's attraction, are ignited by the 
ydbcity with which they pass through the atmo- 
sphere, and are precipitated with great violence 
on the earth. The fall of meteoric stones is much 
.-more frequent than is generally believed ; hardly 
& year passes without some instances occurring, 
and if it be considered that only a small part of 
the earth is inhabited, it may be presumed that 
.numbers fall in the ocean or on the uninhabited 
part of the land, unseen by man. They are some- 
rtimes of great magnitude ; the volume of several 
bas exceeded that of the planet Ceres, which is 
.about 10 miles in diameter. One which passed 
within 25 miles of us was estimated to weigh about 
600000 tons, and to move with a velocity of 
about 20 miles in a second, — a fragment of it 
alone reached the earth. The obliquity of the 
descent of meteorites, the peculiar substances they 
are composed of, and the explosion accompa- 
nying their fall, show that they are foreign to 
OUT system. Luminous "- 'altogether in- 
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dependent of the phases, have occasionally ap- 
peared on the dark part of the moon; these 
have heen ascribed to the light arising from the 
eruption of volcanos ; whence it Has been Mip- 
posed that meteorites have been projected from 
the moon by the impetus of volcanic emptiim. 
It has even been computed that, if a atone ireie 
projected from the moon in a vertical line, with 
an initial velocity of 10992 feet in a second,— 
more than four times the velocity of a ball when 
first discharged from a cannon, — instead of idling 
back to the moon by the attraction of gravity, it 
would come within the sphere of the earth's 
attraction, and revolve about it like a satellite. 
These bodies, impelled either by the direction of 
the primitive impulse, or by the disturbing action 
of the sun, might ultimately penetrate the earth's 
atmosphere, and arrive at its surface. But from 
whatever source meteoric stones may come, it 
seems highly probable that they have a common 
origin, from the uniformity — ^we may almost say 
identity — of their chemical composition. 
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SECTION XXXVII. 

The known quantity of matter bears a very small 
proportion to the immensity of space. Large as 
the bodies are, the distances which separate them 
are immeasurably greater ; but as design is mani- 
fest in every part of creation, it is probable that,^ 
if the various systems in the universe had beeo^ 
neftrer to one another, their mutual disturbances. 
would have been inconsistent with the harmony 
and stability of the whole. It is clear that spacer- 
is not pervaded by atmospheric air, since its 
resistance would, long ere this, have destroyed 
the velocity of the planets ; neither can we affirm 
it to be a void, since it is replete with ether, and 
traversed in all directions by light, heat, gravita- 
tion, and possibly by influences whereof we cau, 
form no idea. 

Whatever the laws may be that obtain in the 
more distant regions of creation, we are assiured that- 
one alone regulates the motions not only of our own* 
system, but also the binary systems of the fixed stars; 
and as general laws form the ultimate object of phi- 
losophical research, we cannot conclude these re- 
marks without considering the nature of gravitation 
— ^that extraordinary power whose eflects we have 
been endeavouring to trace through some of their 
mazes. It was at one time imagined that the 
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acceleration in the moon's mean motion was ocea* 
sioned by the successive transmission of the gra- 
vitating force; but it has been proved that, in 
order to produce this effect, its velocity must be 
about €f ty millions of times greater than that of 
light, iivhich flies at the rate of 200000 miles in a 
second : its action, even at the distance of the 
eun, may therefore be regarded as instantaneooa; 
yet so remote are the nearest of the fixed stani, 
that it may be doubted whether the sun has any 
sensible influence on them. 

The curves in which the celestial bodies move 
by the force of gravitation are only lines of the 
second order ; the attraction of spheroids, accord* 
ing to any other law of force than that of gravi- 
tation, would be much more complicated; and 
as it is easy to prove that matter might have 
been moved according to an infinite variety of 
laws, it may be concluded that gravitation must 
have been selected by Divine Wisdom out of an 
infinity of others, as being the most simple, and 
that which gives the greatest stability to the celes- 
tial motions. 

It is a singular result of the simplicity of the 
laws of nature, which admit only of the observa- 
tion and comparison of ratios, that the gravitation 
and theory of the motions of the celestial bodies 
are independent of their absolute magnitudes and 
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distances ; consequently, if all the bodies of the 
aolar system, their mutual distances, and their 
velocities, were to diminish proportionally, they 
would describe curves in all respects similar to 
those in which they now move ; and the system 
might be successively reduced to the smallest 
sensible dimensions, and still exhibit the same 
appearances. We learn by experience that a very 
different law of attraction prevails when the particles 
of matter are placed within inappreciable distances 
from each other, as in chemical and capillary 
attraction and the attraction of cohesion : whether 
it be a modification of gravity, or that some new 
and unknown power comes into action, does not 
appear ; but as a change in the law of the force 
takes place at one end of the scale, it is possible 
that gravitation may not remain the same through- 
out every part of space. Perhaps the day may 
come when even gravitation, no longer regarded 
as an ultimate principle, may be resolved into a 
yet more general cause, embracing every law that 
regulates the material world. 

The action of the gravitating force is not im- 
peded by the intervention even of the densest 
substances. If the attraction of the sun for the 
centre of the earth, and of the hemisphere diame- 
trically opposite to him, were diminished by a 
difficulty in penetrating the interposed matter, the 
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tides would be more obviously affected. Its attrac«- 
tion is the same also, whatever the substances of 
the celestial bodies may be; for if the action of 
the sun upon the earth differed by a millionth 
part from his action upon the moon, the difference 
would occasion a periodical variation in the moon^ 
parallax whose maximum would be the ^ of a 
second, and also a variation in her longitude 
amounting to several seconds, a supposition proved 
to be imjwssible, by the agreement of theory with 
observation. Thus all matter is pervious to gravi- 
tation, and is equally attracted by it. 

As far as human knowledge extends, the intensity 
of gravitation has never varied within the limits of 
the solar system ; nor does even analogy lead us 
to expect that it should ; on the contrary, there is 
every reason to be assured that the great laws of 
the universe are immutable, like their Author. 
Not only the sun and planets, but the minutest 
particles, in all the varieties of their attractions 
and repulsions, — nay, even the imponderable mat- 
ter of the electric, galvanic, or magnetic fluid, — 
are all obedient to permanent laws, though we 
may not be able in every case to resolve their 
phenomena into general principles. Nor can we 
suppose the structure of the globe alone to be 
exempt from the universal fiat, though ages may 
pass before the changes it has undergone, or that 
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are now in progress, can be referred to existing 
causes with the same certainty with which the 
motions of the planets, and all their periodic and 
Becnlar variations, are referable to the law of gra- 
vitation. The traces of extreme antiquity per- 
petually occurring to the geologist give that in- 
formation as to the origin of things in vain looked 
for in the other parts of the universe. They date 
the beginning of time with regard to our system ; 
since there is ground to believe that the formation 
of the earth was contemporaneous with that of the 
rest of the planets ; but they show that creation is 
the work of Him with whom ' a thousand years are 
as one day, and one day as a thousand years.* 

It thus appears that the theory of dynamics, 
founded upon terrestrial phenomena, is indispen- 
sable for acquiring a knowledge of the revolutions 
of the celestial bodies and their reciprocal influ- 
ences. The motions of the satellites are affected 
by the forms of their primaries, and the figures of 
the planets themselves depend upon their rota- 
tions. The symmetry of their internal structure 
proves the stability of these rotatory motions, 
and the immutability of the length of the day, 
which furnishes an invariable standard of time; 
and the actual size of the terrestrial spheroid 
affords the means of ascertaining the dimensionB 
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of the solar system, and proYides an inyanable 
foundation for a system of weights and mea* 
■ures. The mutual attraction of the cdestial 
bodies disturbs the fluids at thdr 8urfiu:es, whence 
the theory of the tides and the oscillationa of the 
atmosphere. The density and elasticity of the 
air, varying with every alternation of temperature, 
lead to the consideration of barometrical changes, 
the measurement of heights, and capillary attrac- 
tion; and the doctrine of sound, including the 
theory of music, is to be referred to the small undu- 
lations of the aerial medium. A knowledge of the 
action of matter upon light is requisite for tracing 
the curved path of its rays through the atmo- 
upherc, by which the true places of distant objects 
are determined, whether in the heavens or on the 
cnrth. By this we learn the nature and proper- 
ties* of tlie sunbeam, the mode of its propagation 
throiigli the etherial fluid, or in the interior of 
nuitcrittl bodies, and the origin of colour. By the 
oclipHcs of Jupiter's satellites, the velocity of light 
in n»(!ertaincd, and that velocity, in the aberration 
of the fixed stars, furnishes the only direct proof 
of the real motion of the earth. The effects of 
tlie invisible rays of light are immediately con- 
nected with chemical action ; and heat, forming a 
j)art of the solar ray, so essential to animated and 
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inanimated existence^ whether considered as invi* 
sible light or as a distinct quality, is too important 
an ^ent in the economy of creation not to hold a 
principal place in the order of physical science* 
Whence follows its distribution over the sur- 
face of the globe, its power on the geological 
convulsions of our planet, its influence on the 
atmosphere and on climate, and its effects ou 
vegetable and animal life, evinced in the loca- 
lities of organized beings on the earth, in the 
waters, and in the air. The connexion of heat 
with electrical phenomena, and the electricity 
of the atmosphere, together with all its energetic 
ejQfects, its identity with magnetism and the pheno- 
mena of terrestrial polarity, can only be imder- 
stood from the theories of these invisible agents, 
and are probably principal causes of chemical 
affinities. Innumerable instances might be given 
in illustration of the immediate connexion of the 
physical sciences, most of which are united still 
more closely by the common bond of analysis 
which is daily extending its empire, and will ulti- 
mately embrace almost every subject in nature in 
its formulae. 

These formulae, emblematic of Omniscience, con- 
dense into a few symbols the immutable laws of 
the universe. This mighty instrument of human 
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power itself originates in the primitive constitution 
of the human mind, and rests upon a few funda- 
mental axioms which have eternally existed in 
Him who implanted them in the breast of man 
when He created him after His own image. 
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Aberration, An apparent annual motion in the fixed 
stars» occasioned by the velocity of light com- 
bined with the real velocity of the earth in its 
orbit 

Absorbent media. Substances either solid, liquid, or 
fluid, which imbibe the rays of light or heat. 

Accidental colours. If the eye has been dazzled by 
looking steadily at a bright colour, as, for ex- 
ample, at a red wafer, upon turning it to a white 
object a bluish-green image of the wafer will 
appear. Bluish-green is therefore the acci- 
dental colour of red, and vice versa. Each tint 
has its accidental colour. When the real and ac- 
cidental colours BT9 of equal intensity, the one is 
said to be the complementary colour of the other, 
because the two taken together make white light. 

Acceleration, A secular variation in the mean motion 
of the moon. 

Aeri/orm, Having the form of aur. 

Aerolite. A meteoric stone. 

Aerostatic eocpedition. Ascent in a balloon. 

Affinity or cohesive force. The force with which the 
particles of bodies resist separation. 

AlgcB. Sea weeds or marine plants. 

28 
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Aliquot parts. The parts into which a quantity is 
divided when no remainder is left 

Altittide. The height of an object above the horizon. 

Analysis. Mathematical reasoning conducted by 
means of abstract symbols. 

Analyzing plate. A piece of glass or a slice of a 
crystal used for examining the properties of po- 
larized light. 

Analytical Jormula or expression. A combination 
of symbols expressing a series of calculation, and 
• including every particular case that can arise 
from a general law. 

Angle of position of a double star. The angle 
which a line joining the two stars makes with 
one parallel to the meridian. 

Angular velocity. The swiftness with which the 
particles of a revolving body move. It is pro- 
portional to the velocity of each particle divided 
by its distance from the axis or centre of rotation. 

Annual equation. A periodical inequality in the 
motion of the moon going through its changes in 
a year. 

Annual parallax. See Parallax^ 

Antimony. A metal. 

AntenncB. The thread-like horns on the heads of 
insects. 

Aphelion. The point in which a planet is at its 
greatest distance from the sun — the point a in 
Jig, 8, S being the sun. 



EXPIANATION OF TERMS. 419 

Apogee, The point in which the sun or moon is 
farthest from the earth. 

Apparent motion. The motion of the celestial bodies 
as viewed from the earth. 

Apparent diameter. See Diameter. 

Apparent time. See Time. 

Apsides. The extremities a and if, fig > 8, of the major 
axis of an orbit, or the points in which a planet 
is at its greatest and least distances from S the 
sun; also those in which a satelHte is at its 
greatest and least distances from its planet 

Arc qf the meridian. Part of a plane curve passing 
through the poles of the earth, and along its 
surface. 

Areas. Superficial extent. In astronomy, they ajB 
the spaces passed over by the radius vector of a 
celestial body. 

Arithmetical progression, A series of qnantities or 
numbers continually increasing or dimimsbmg 
by the same quantity ; as, for example, the nz- 
tural numbers 0, 1, 2, 3, 4, &c., which continti' 
ally increase by one. 

Armature. A jneee of soft iron connecting the pofes 
of a horse-shoe magnet. 

Astronomical or solar day. The time between two 
consecutive true noons or midnights. 

Mmospheric refraction. See Refraction. 

Aurora. A buninoiis appearance in the keorent, 
frequently seen in high nortbem and taaitbefm 
latitudes. 
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Axis of rotation. The line, real or imaginary, aboot 
which a body revolves. The imaginary line 
passing through both poles and the centre of 
the earth is the axis of the earth's rotation. 

Axis of a prism. The line a b, fig, 11, passing 
through the centre of a prism parallel to its sides. 

Axis of a telescope. An imaginary line passing 
through the centre of the tube. 

Axis of an ellipse. See Ellipse, line a b,^. 2. 

Base, In surveying, a base is a line measured on the 
surface of the earth, and assumed as an origin 
from whence the angular and linear distances of 
remote objects may be determined. 

Binary system of stars. Two stars revolving about 
each other. 

Bissextile, Leap year, every fourth year. 

Caloric, The material of heat ; heat being the sen- 
sation. 

Centre of gravity. A point in a body, which, if sup- 
ported, the body will remain at rest. 

Capillary attraction. The attraction of tubes with a 
very minute bore, such as thermometer tubes, 
which causes liquids to ascend and remain sus- 
pended within them. 

Centrifugal force. The force with which a revolving 
body tends to fly from the centre of motion. 
The direction of this force is in the tangent to 
the path the body describes. 
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Circumference. The boundary of a circle. 

Civil day. The time comprised between two conse- 
cutive returns of the sun to the same meridian. 

Civil or tropical year. The time comprised between 
two consecutive returns of the sun to the same 
solstice or equinox. 

Chemical rays. The rays of the solar spectrum 
which do not produce light but destroy vegetable 
colours. 

Chronometer. A watch which measures time more 
accurately than those in common use. 

Coal measures. The strata which contain beds of 
coal. 

Cobalt. A metal. 

Cohesion. The force with which the parts of bodies 
resist any endeavour to separate them. Hard- 
ness, softness, tenacity, fluidity, and ductility, 
are modifications of cohesion. 

Collecting wires, or Collectors. Wires for collecting 
and conveying electricity. 

Complementary colours. See Accidental colours. 

Compression of a spheroid. Flattening at the poles. 
It is equal to the difference between the greatest 
and least diameters divided by the greatest. 

Concave mirror, A polished curved surface which, 
being hollow, reflects parallel rays of light so as 
to make them tend to meet. 

Concentric. Having the same centre. 

Conductor, A substance which conducts the electric 
fluid. 



422 



EXPLANATION PF TEAMa. 



Cone. A solid figure a b C, 

like a sugar-loaf, of 

which A is the apex, a d 

the axis, and the plane 

B c the base. The axis 

may or may not be at 

right angles to the base, 

and the base may be a ^ 
If^ circle, an eUipse, or any 

other line. When the axis is at right angles to 

the base, the figure is a right cone. 

Conic sections. Lines formed by a plane cutting a 
cone, of which there are five. If a right coni 
with a circular base, be cut at right angles to 




Fig.^ 
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the base by a plane passing through the apex* 
the section will be a triangle. If the cone be 
cut through both sides by a plane^parallel to the 
base, the section will be a circle. If the cone be 
cut slanting quite through both sides, the section 
will be an ellipse, sax b^fig, 2. If the cone be 
cut parallel to one of its sloping sides, the section 
will be a parabola, d a B.fig. 3 ; and if the section 
cut only one side of the cone, and be not parallel 
to the other, it will be a hyperbola, d a B,fig, 4. 

Configuration, The position of bodies with regard 
to one another. 

Conjunction, A planet is said to be in conjunction 
when it has the same longitude with the sun. 

Constellations, Groups of stars to which the names 
of men and animals have anciently been giveti. 
The whole starry firmament is divided into such 
groups. 

Contrasted colours. See Accidental colours. 

Converging, Tending to the same point. 

Convex mirror, A polished curved surface which,, 
being protuberant, reflects parallel rays of light, 
so as to make them diverge. 

Cosine of an arc or angle. In Jig, 5, a d is the co- 
sine of the arc c B, and of the angle b a c. 

Fig' 5. 
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Crystal, A chemical or mineral substance having a 
regular form. 

Curves of double curvature. Lines curved in two 
directions, so that no two of their indefinitely 
small parts lie in the same plane, as a corkscrew 
or a curved line drawn obUquely on the side of a 
cylinder which has its own curvature, at the same 
time that it partakes of the cunature of the 
surface cm which it is drawn. 

Curves of the second order. The conic sections. In 
a circle, the relation of the part a D,y^. 5, of the 
diameter to fbe perpendicular d c, is the same 
ftr even* point in the circumference. The two 
Hues A ]>, D c are cafled co-ordinates. The rela- 
tKMi of these co-oidinales to one another is dif- 
ftrenl in dillmnt curres, bat remains invariable 
in any one curve : and lines are said to be of 
tho fir^t or sect>Rd order, according as this rela- 
tjoa can h? e3Lpffvssed by the simple lines them- 
sehv*. or by their squares and products. 

/>>. 6. 
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JHagoncU, A line drawn from angle to angle of a 
four sided figure, as c i>,flg> 10. 

IHameter, A straight line, e b, Jig, 5, passing 
through the centre, and terminated hoth ways» 
by the sides or surface of a figure. 

Diameter t apparent. The diameter of a body as seen 
from the earth. 

jyiapJumoiLS, Transparent. 

DicotyledonoiLS plants. Such as have seeds contain- 
ing two lobes. 

Dip. The angle formed by the direction of the mag- 
netic force of the earth with the plumb-Une. 

Dipping needle. An instrument for measuring the 
dip of a magnetized needle. 

Direct motion of a celestial body. Motion from west 
to east, according to the order of the signs of 
the zodiac. 

IHsc. The apparent surface of a heavenly body. 

Disintegration. Mouldering down, separating into 
parts. 

Distance, mean. See Mean distance* 

Distance, true. See True distance. 

Distance, Perihelion, See Perihelion distance. 

Diverging. Tending from a point. 

Double refraction. The power which some sub- 
stances possess of refracting or transmitting a 
ray of light in two pencils instead of one. If s i» 
Jig, 13, be a ray of light falling upon a doubly 
refracting surface 6 g, it will be transmitted 
in two pencils i o, i e, so that the luminous 
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point s will appear double, if vieWed througli 
the substance o ^ ; whereas if 6 ^ were of glass 
or water, the ray s i would be transmitted in a 
single pencil, i o, and only one image of s would 
be seen. 

J}ynamics. The science of force and motion. 



Ecliptic, The great circle traced in the starry hea- 
vens by the plane of the ecliptic. 

Ecliptic, plane of. An imaginary plane passing 
through the earth^s orbit, and extending to the 
starry heavens. 

Elasticity. The property bodies possess of resum- 
ing their original form, when pressure is re- 
moved. 

Elastic media. Atmospheric air, gas, ether, &c., 
which are highly compressible, and instantly 
resume their volume or bulk, when pressure is 
removed. 

Electrics. Substances in which electricity may be 
excited, but which are incapable of conducting it. 

Electric induction. The effect of electrified 
bodies to produce an electric state opposite to 
their own, in all bodies near them capable of re- 
ceiving it. 

Electro-magnetism, The science which detennines 
the reciprocal action of electricity and mag- 
netism. 

Electro-magnets. Cylinders which have all the pro- 
perties of magnets when a stream of electricity 
is passing through them. 
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Electrodynamics, The science of the motion and 
reciprocal action of electric, currents. 

EleeirO'dynamic- cylinder, A hollow coil of copper 
wire, (Jig, 7,) in the form of a corkscrew, the 

Fig' 7. 





extreme parts of the wires of which are passed 
back through the centre of the coil, and being 
bent at right angles are brought, out through 
its middle. There are several forms of this 
instrument, all of which have the same properties 
as magnets, when a galvanic current is passing 
through them. 

Elements of an orbit. In an elliptical orbit there are 
six elements. Let p » a n {fig. 8) be the orbit 
of a planet, s the Sun, c n e ra the plane of the 
echptic, and ^ the first point of Aries, then the six 

Fig, 8. 
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elements are the major axis p a, the excentricity 
8 o, the longitude C|P s p of p the perihelion, the 
longitude C|P s n of n, the ascending node, the 
inclination of the orbit n a n on the plane of the 
ecliptic n B N, and PP s m the longitude of the body 
»2, at any given instant called the longitude of 
the epoch. In a parabolic orbit, there are only 
five elements, since the major axis is infinite. 

Ellipse, One of the conic sections. An ellipse may 
be drawn, by fixing the ends of a string to two 
points, F and/ (fig. 2.) in a sheet of paper, and 
then carrying the point of a pencil round in the 
loop of the string kept stretched, the* length of 
the string being greater than the distance be- 
tween the two points. The points f and / are 
called the foci, and the distance f c is the ex- 
centricity, c being the centre of the ellipse ; it 
is evident that the less f c is, the nearer does 
the ellipse approach the form of a circle, a b is 
the major axis, a h the minor axis, and f a the 
focal distance. From the construction, the length 
of the string, f m/, is equal to the major axis. 
If T ^ be a tangent to any point m, and f ntyfrn 
lines from the foci, the angle f m t is equal to 
the angle f m t ; and as this is ti-ue for every 
point of the ellipse, it follows that, in an elliptical 
reflecting surface, rays of light or sound coming 
from the focus f will be reflected by the surface 
to the other focus /, since the angle of incidence 
is equal to the angle of reflection, by the theory 
of optics and acoustics. 

Ellipsoid of revolution, A solid formed by the re- 
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volution of an ellipse about its axis. If the 
ellipse revolves about its minor axis, the ellipsoid 
will be oblate, or flattened at the poles, like an 
orange : if the revolution be about the major 
axis, the ellipsoid will be drawn out at the poles, 
or prolate, like an egg. 

Bilipticity, Excentricity, or deviation from the cir- 
cular or spherical form. 

Elongation. The angular distance of a celestial 
body from the sun, as it would be seen from the 
centre of the earth. 

Epoch, The assumed instant from whence all the 
subsequent and antecedent periods of a celestial 
body are estimated. 

Equation of time. The difference between the time 
shown by a watch, and that given by a dial, 
or the difference of mean and true time. 

Equation of the centre. The difference between the 
true and mean motion of a planet or satellite. At 
its maximum, it is equal to the excentricity of 
the orbit, since it is the difference of the motion 
of a body in an ellipse, and in a circle whose 
diameter is equal to the major axis of the ellipse. 

Equator, The terrestrial equator is the equinoctial 
line. The celestial equator is the great circle 
traced in the starry heavens by the imaginary 
extension of the plane of the terrestrial equator. 

Equinoxes. The vernal and autumnal equinoxes 
are two points in the heavens diametrically op- 
podite to one another, that is ISO"" apart. .The 



430 BXPULNATION OF TERMS. 

line in which the planes of the equator and 
ecliptic intersect passes through them. The 
vernal equinox is the point from whence the 
longitudes or angular distances of the celestial 
hodies are estimated ; it is generally called the 
first point of Aries, though these two points have 
not coincided since the early ages of astronomy, 
ahout two thousand two hundred and thirty-two 
years ago, on account of the precession pr retro- 
grade motion of the equinoctial points. 

Etherial medium. The ether or highly elastic fluid 
with which space is filled. 

Evection. A certain periodic inequality in the mO' 
tion of the moon. 

Excentricity. The distances hetween the centre and 
focus of an ellipse, or c f, (Jig. 2.) 

Extraordinary refraction. See Refraction, 

Extraordinary ray. See Refraction, 

Focus. A point where converging rays or lines meet. 

Focal distance. The line f a in the conic sections, 
(fg. 2, 3, and 4.) 

Foci of an ellipse. Two points f and / (fg. 2.) in 
the major axis, such, that the sum of the two 
Unes drawn from them to any point m in the 
ellipse is equal to the major axis a b. 

Fossils, organic. The remains of ancient animals 
and plants emhodied in the strata of the earth. 

Fundamental note. The natural note of any sono- 
rous body, as of a string or organ-pipe. 
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Galvardsm, Electricity perpetually in motion, and 
produced by chemical action. 

Galvanic battel^. An instrument for producing 
galvanic electricity, constructed of alternate 
layers of two metals and a fluid. 

Galvanic circuit. Three substances in contact, 
generating a stream of electricity, which flows in 
a perpetual circuit through them. 

Galvanometer, An instrument for measuring the 
intensity of the galvanic force. 

Genera of plants. The divisions of plants into fami- 
lies, each of which contains a yariety of species. 

General analytical expression. The representation 
in symbols of a series of reasoning, including 
ever}' particular case of the subject in question. 

Geometrical progressioTi. A series of quantities in- 
creasing or diminishing by a continual multi- 
plication or division by the same quantity, as the 
numbers 1, 2, 4, 8, 16, &c., which are constantly 
multiplied by 2, or the series I, 4, }, |, &c., 
which decreases by the continual division by 2. 

Graphical construction of an orbit. The drawing 
of an orbit by ruler and compass from given ob- 
servations. 

Gravity, The attraction of matter, weight 

Gravitating force. The force with which matter 

attracts; its intensity varies mversely as th« 

' square of the distance ; that is, the weight of a 

body decreases in proportion as the square of 
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its distance from the centre of the earth in- 
creases, and vice verscl. But if the body be 
within the surface of the earth, the force varies 
inversely as the distance from the centre. 

Gravitation, Sensible gravity. 

Grylli, Grasshoppers, crickets, locusts, &c. 



Harmonics, The doctrine of musical sound. 

Harmonic sounds. The sympathetic notes heard 
along with the principal note of a musical string, 
or other sonorous body. 

Harmonic divisions. The parts into which a vibra- 
ting musical string spontaneously divides itself, 
each of which gives a distinct note, besides the 
principal note arising from the vibration of the 
whole string. 

Harmonic colours. Tints which become visible upon 
looking steadfastly at a bright coloured light, 
supposed to be analogous to the sympathetic 
notes of a musical string. 

Helix, A curve like a corkscrew, whose turnings 
may either be circular or elliptical. 

Homogeneous light, Rays of the same colour. 

Homogeneous spheroid, A spheriod of uniform 
density. 

Horizontal plane. An imaginary plane touching 
the surface of the earth in one point, and termi- 
nating on all sides in the horizon. 



EXPLANATION OF TERMS. 433 

Horoscope. The relative positions of the planets at 
the time of a person s hirth. 

Hyperbola. One of the conic sections. An open 
curve, having two infinite branches, a b, a u, 
ifig, 4.) and a focus f, to which every point in 
the curve has a fixed relation. 

Hypothesis. A system upon supposition. An as- 
sumption. 

Iceland spar. A transparent.and colourless carbonate 
of lime, consisting of fifty-six parts of lime, and 
forty-four of carbonic acid. It splits or cleaves 
into solids called rhombs (Jig. 14.) which are 
bounded by six similar surfaces, whose sides are 
parallel, but the angles are not right angles : 
it possesses the property of double refraction^^in an 
eminent degree. 

Impetus. A force whose intensity is measured by 
the mass of a body and the square of its velocity 
conjointly. 

Incidence of light. The angle which rays make with 
a perpendicular to the surface upon which they 
fall. Let A B, Jig. 9, be the retiecting surface. 




then s I is the incident and i r the refracted ray» 
the angle sip being equal to the angle rip. 

1^ 
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Inclination of an orbit The angle in Jig, 8. 
which the plane of an orbit p n a if makes with 
the plane of the ecliptic c N £ ti. 

Indigenous. Native to a particular spot or country. 

Inertia. The disposition of matter to remain in its 
state of rest or motion. 

Interference of undulations. The combination of 
two series of waves in a fluid so as to augment, 
diminish, or destroy each other. 

Isochronous. In equal times. 

Isothermal lines. Imaginary lines passing through 
such places as have the same mean annual tem- 
perature. 

Isogeothermal lines. Imaginary lines passing through 
all those places within the surface of the earth, 
where the mean internal temperature is the 
same. 

I 

Kepler s laws. Three laws in the planetary motions 
discovered by Kepler, which furnish the data 
from whence the principle of gravitation is es- 
tablished : they are. First, that the radii vectores of 
the planets and comets describe areas propor- 
tional to the time : Second, that the orbits of the 
planets and comets are conic sections, having 
the sun in one of their foci ; and third, that the 
squares of the periodic times of the planets are 
proportional to the cubes of their mean distances 
from the sun. These laws extend also to the 
satellites. 
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Latent heat. Caloric existing in all bodies, which it 
not sensible, and cannot be detected by the ther- 
mometer. 

LcUitude. Terrestrial latitude is the angular distance 
between the vertical or plumb-line at any place 
and the plane of the equator. Celestial latitude 
is the height of a heavenly body above or below 
the plane of the ecliptic, asm s p, fig. 8 ; when 
above, it has north, and when below that plane, 
it has south latitude. 

Length of a wave. The distance between two par- 
ticles of an undulating fluid similarly displaced 
and moving similarly, consequently the length is 
the distance between two consecutive hollows or 
elevations. 

LcTis. A transparent substance with curved surfaces. 
The glasses of a telescope and of spectacles are 
lenses. A lens may be convex on both sides, 
or it may have both sides concave; one side 
may be convex and the other concave ; one side 
plane and the other convex ; or lastly, one side 
may be plane and the other concave. 

Libraiion, A balancing motion. 

Lines of the second order. The circle, ellipse, para- 
bola, hyperbola, and generally such as are ox- 
pressed algebraically by a quadratic equation. 
See Curves of the second order. 

Lines of no variation. Imaginary lines passing 
through all places where the needle of the mari- 
ner's compass points to the true north, that is, to 
the pole of the earth's rotation. 

2f2 
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ZfiMt €(f perpetual enow, ImagiiMuy lines pasongf 
tbroi4;h the limits of perpetual snow from the 
equattur to the poles. 

Lomgikuie, Terrestrial longitude is the angular di^*^ 
tanoe of a place from a meridian aiiHlrarily 
chosen, such as that of Greenwich. 

Longitude of a heaoerUy body. The true longitude 
of a planett as of m^flg. 8. is its angular distance 
cp s m from PP the vernal equinox, estimated on 
its elliptical orbit ; its mean longitude is its an^ 
gular distance from the same point, supposing 
the planet to move equably in a circle whoM 
radius is equal to the mean distance of the body 
from the sun. The difference between the two 
is the equation of the centre. 

Longitude of the perihelion. The angular distance 
of the perihelion of an orbit from the vernal 
equinox, as c\p s Vyjig, 8. 

Longitude of iJi£ node. The angular distance of the 
node of an orbit from the vernal equinox as, PP s n» 

Longitude of the epoch. The angular distance of a 
celestial body from the vernal equinox at the 
instant assumed as the origin of time whence all 
its subsequent and antecedent longitudes are 
estimated. 

Lunar distance. The angular distance of the centre 
of a celestial object from the centre of the moon. 



Magnetic equator. The imaginary line passing 
through those places where there is no dip, that 
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is, where the compass needle is homoBtaL 'it 
encircles the earth, but does not tmvjt^ wi&i 
the terrestrial equator* 

Magnetic meridian. The Tcrtica] plaihe 
through the directioii of the needle <£ Vat: 
pass at any place. 

Magnetic poles. Points €i the eirtJi whest lot 
tensity of the magnetie fane is 




Magnetic induction. The effect of TnneTig*li It 
excite magnetism in bodies 



Magneto-electric induction. The cfixt tf 
vanic currents to prodooe mazoe^mt jl ^m 
near them capable of reeeii in^r iL 

Major axis or greatest diameter of am eutpm, h» 
Ellipse, A 'B*/ig- 2. 

Mass. The quantity of matter in a ftoily^ Izim prv 
portional to the densitj and wobssme mnjnmdg^ 

Mathematics. The aeience of iiiwlii ■ and 'uuof&qr^ 

Mean distance. The mean distance of a pbaet^hm 
the sun, or of a latrilitr from ia piaaei; la «iuai 
to half the maior axis of ib «rbilL 

ifisait longitude. See I/mgOmde, 

Mean motion^ Equable aocioa m a careaiar jrbir aC 
the mean d i sta n ce donn^ the maae ijout inaji 
the body accorapfiibes a rsriocoa Ji ju ^Okk 
tical orbit. 

ifftwi /WH^. The time ^umth bv efcdu aui 
weB legohtid. 
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Mechcanci, The science of the equilibrium and 
motion of bodies. 

Meridian, A vertical plane passing through the 
poles of the earth. 

Meteorites. Stones which fall from the heavens. 

Mica. A certain mineral. 

Minor axis. See Ellipse. 

Minus. Less. The sign of Subtraction. 

Molecules. The indefinitely small or ultimate par- 
ticles of matter. 

Momentum. Force measured by the mass and 
simple velocity conjointly. 

Monocoiyledonous plants. Such as have seeds of 

one lobe. 
Moon's southing. The time when the moon comes to 

the meridian of any place, which happens aboat 

forty- eight minutes later each day. 

Multiple systems of stars. Three or more stars re- 
volving about their common centre of gravity. 

Nebulce. White misty appearance in the heavens 
like the milky way ; some of them, when viewed 
with powerful telescopes, are found to be clusters 
of stars, others always retain the cloudy form. 

Nebulosity of comets. The coma or misty appear- 
ance which always surrounds their heads, and 
of which their whole mass is often composed. 

Nickel. A metal. 

Nodes. The two opposite points n and n. Jig. 8, in 
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which the orhit n a n p of a planet or comet 
intersects the plane c n e n of the ecUptic. Part, 
N A n, of the orhit hes ahove the plane of the 
ecliptic, and part, n p n, helow it The ascending 
node N is the point through which the hody 
passes in rising above the plane of the ecUptic, 
and the descending node n is the point in which 
the body sinks below it. The nodes of a satel- 
lite's orbit are the points in which it intersects 
the plane of the orbit of its primary. 

Nodes, line of. The intersection n n, fig. 8. of tho 
plane of the orbit of a planet or comet with the^ 
plane of the ecliptic. It passes through S, the- 
centre of the sun. 

Nodal points. Points of a sonorous body which 
remain at rest during its vibrations. 

Nodal lines. Lines of sonorous surfaces which remain 
at rest during their vibrations. 

Non-electrics. Substances in which electricity cannot 
be sensibly excited by friction. 

Nucleus of a comet. The part of its head which 
appears to be dense. Frequently they have^ 
none. 

Nucleus of the earth. The solid part. 

Nutation. A variation in the obliquity of the cclipticr 
from the attraction of the sun and moon on tho 
protuberant matter at tho terrestrial e^iuator. 

Nutation of the lunar orbit. A variation in tha 
inclination of tho lunar orbit from the actbn of 
the matter at tho carth*s equator on tho moon. 
It is the reaction of terrestrial nutation. 
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Oasis. A fertile spot in a desert. 

Oblate spheroid. A solid like an orange, wliich may 
be formed by the rotation of an ellipse about its 
minor axis, and is therefore flattened at the 
poles. 

Obliquity of the ecliptic. The angle formed by the 
plane of the terrestrial equator with the plane 
of the ecliptic. 

Oscillation. A motion to and fro, like the pendulum 
of a clock. 

Occultation. The eclipse of a star or planet by the 
moon or by another planet. 

Opposition. A body is said to be in opposition when 
its longitude differs from that of the. sun by 180°. 

Optics. The science of light and colours. 

Optic axis of a crystal. A ray of light passing 
through a doubly refracting crystal, such as Ice- 
land spar, is generally divided into two rays, but 
in certain directions it is transmitted in one ray 
only : these directions are called the optic axes of 
a crystal. 

Orbit. The track or path of a celestial body in the 
heavens. 

Ordinary refraction. See Refraction. 

Ordinary ray. See Refraction. 



Parabola. One of the conic sections. It is the line 
described by a cannon ball, and has two infinite 
branches, a n, a T),fig. 3. and there is a point f 
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within it called the focus, to which every point 
in the curve bears a certain relation. 

Parabolic elements. See Elements of an orbit. 

Parallax, The angle under which we view an 
object ; it therefore diminishes as the distance 
increases. 

Parallax of a celestial object. The angle which the 
radius of the earth would be seen under, if 
viewed from that object. 

Parallax, horizontal. The parallax of a celestial 
body when in the horizon. Parallax is then at 
its maximum ; it decreases as the height of the 
body above the horizon increases. 

Parallax, annual. The angle which the diameter of 
the earth's orbit would be seen under, if viewed 
from a celestial body, as a fixed star. 

Parallactic motion. The motion of a body is said to 
be parallactic when the space described by it 
subtends or is seen under a sensible angle. 

Parallelogram, A four-sided plane figure, a b, Jig. 
10. whose opposite sides are parallel: the dia- 




meter is the straight line joining two of its 
opposite angles. 
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PeKioge at the perihelion. The passage of a body 
through the point of its orbit that is nearest to 
the sun. 

Penumbra. The shadow or imperfect darkness which 
precedes and follows an eclipse. 

Perigee, The points in which the sun and moon 
are nearest to the earth. 

Perihelion. The point p Jig. 8. of an orbit which is 
nearest to the sun. 

Perihelion distance. The shortest distancre of a 
planet or comet from the sun, p ^^fig. 8. 

Peinodic inequality. An irregularity in the motion 
of a celestial body requiring a comparatively 
short time for its accomplishment. 

Periodic time. The time in which a planet or comet 
performs a revolution round the sun, or a satellite 
about its primary. 

Perturbations. Irregularities in the motions of bodies 
from some disturbing cause. 

Phanerogamous plants. Such as have apparent 
flowers and seeds. 

Phases of the moon. The periodic changes in the 
enlightened part pf her disc from a crescent to a 
circle, depending upon her position with regard 
to the sun and earth. 

Phases of an undulatmi. Alternate changes in the 
surface or density of a fluid. The fluid particles in 
the tops or in the hollows of a series of waves are 
in the same phases, because their displacement 
and motion are equal and in the same direction ; 
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whereas the fluid particles in the tops of a series 
of waves are in different phases from those in 
the hollows, hecause the displacement and motion 
of the first are equal, hut opposite to those of the 
second. For example : in waves of water, the par- 
ticles in the tops have arrived at their greatest 
elevation, and are beginning to sink down, 
whereas those in the hollows have reached their 
greatest depression, and are beginning to rise up. 

Phenomena. Appearances. 

Physicdl. Belonging to material nature. 

Physico-mathematical sciences. Sciences in 'which 
natural phenomena are explained by mathema- 
tical reasoning. 

Pitch in music. The depth or shrillness of a note. 
It depends upon the number of vibrations the 
sonorous body makes in a second. The more 
rapid the vibration the higher the pitch. 

Plane. Length and breadtli without thickness. 

Plane of reflection. The plane passing through the 
incident and reflected rays of light or sound as 
s I, I R,^^. 9. It is perpendicular to the reflect- 
ing surface. 

Plane of refraction. The plane passing through the 
incident and refracted rays of light s i and i o, 
fig. 13. It is perpendicular to the refracting 
surface. 

Plane of polarization. The plane passing through 
the incident and polarized ray. It is at right 
angles to the plane of reflection, but deviates 
from the plane of ordinary refraction. 
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Plus, More ; the sign of addition. 

Polarity. The tendency of magnetized bodies to 
point to the magnetic poles of the earth. 

Polarized light. Light which by reflection or refrac- 
tion at a certain angle, or by refraction in certain 
crystals, has acquired the property of exhibiting 
opposite effects in planes at right angles to each 
other* This property is explained on the undu« 
latory theory by supposing the particles of the 
ether to vibrate in one plane. 

Polarization, circular. The property which light 
acquires, by transmission through quartz and 
certain liquids, of producing a succession of ap- 
pearances which follow each other in a circular 
order, as the thickness of the medium is increased. 
This property is explained on the undulatory 
the ory by supposing the particles of the ether to 
vibrate in circles one after the other, the undu- 
lation going on in a circular helix like a cork- 
screw penetrating a cork. 

Polarization, elliplical. The property which light 
acquires, by reflection at the surfaces of metals 
and in other ways, of producing appearances 
partly analogous to those of circular polarization. 
It is explained by supposing the undulation to 
follow the course of an elliptical helix. 

Poles. The extremities of the axis about which a 
body revolves. 

Poles of the earth. The extremities of the axis of 
diurnal rotation. 

PoleSf magnetic. Points in the earth where the in- 
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tensity of the maj^etic force is a maximum. Of 
these there ore certainly three, probably four, all 
of which differ &am the poles of rotation. 

Pole$ of a magnet. Points in a magnet where the 
intensity of the magnetic force in a maximum ; 
one of these attracts and another repeb the same 
pole of another ma^et. 

Poles of maximum cold. Points in the surface of 
the earth where the mean annual temperature u 
a maximum. There are several, but none of 
them coincide with the poles of rotation. 

Preeegsion nfthe equinoxes. A retrograde motion of 
the equinoctial points in coneequence of tha 
action of the sun and moan upon the protube- 
rant matter at the earth's equator. 

Primary. In astronomy signifles the planet about 
which a satellite revolves. 

Priim. A triangularly or polygonally shaped jriece 
of glass or other substance, like a thre« or more 
cornered stick, as yZ^- 11. 

Fig.n. 



Primt, a {huUf rrfraeling. A prism m»A« rf » 
doubly refraetins; sotntanec, as IceUoJ »fn. 
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Prismatic colours. The colours of the rainbow. 

Projected, Thrown ; transfeiTed by means of lines. 

Projection. A line or surface is said to be projected 
upon a plane when parallel straight lines are 
drawn from every point of them to the plane. 
The projection of an orbit is therefore its day- 
light shadow, since the sun*s rays are sensibly 
parallel. 

Prolate spheroid. A solid figure something like an 
egg' See Ellipsoid. 

Pulse. A vibration. 

Pyramid. A solid bounded by abase having several 
sides, and by a number of triangular planes whose 
summits meet in one point called the ape;;!!:, as 

flg' 12. 

Hg. 1 2. 



Pyrometer. An instrument for measuring intense 
degrees of heat. 

Quadrant. Ninety degrees, the fourth part of a 
circle. 

Quadrature. A celestial body is said to be in qua- 
drature when it is ninety degrees distant from 
the sun. 
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Quartz. Rock crystal; a siliceous mineral whose 
primitive form is a rhomboid, Jig. 1 4, but it is 
generally crystallized in six-sided prisms termi- 
nated by six-sided pyramids. 

Radiation. An emission of rays. 

Radius, equatorial. A line drawn from the centre 
of a spheroid to its equator. 

Radius, polar. A line drawn from the centre of a 
spheroid to its pole. 

Radius of a sphere. Any straight line drawn from 
the centre of a sphere to its circumference. 

Radius vector. The imaginary line joining the 
centre of the sun and the centre of a planet or 
comet, or the centre of a planet and that of its 
satellite, as s m,/ig* 8. 

Ratio. A fraction expressing the relation which one 
quantity bears to another. Proportion is the 
equality of ratios. 

Rectangle. A four-sided plane figure, in which all 
the angles are right angles, and its opposite sides 
equal and parallel. When all the sides are 
equal, it is a square. 

Reflection. The bending back of rays of light or 
sound from a surface. The angles made by the 
rays with a perpendicular to the surface, in 
coming and going, are equaL If the ray, s i, 
(Jig. 9) be reflected by a surface a b, in the di- 
rection I R, then the angle s i p is equal 

to RIP. 
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Rrfractitm, The bending or breaking of a ray of 
light in passing through media of different densi- 
ties, as in going from air into water or glass, 
and the contrary. If G ^ {fg, 13.) be a re- 



Fig, 13. 
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fracting medium, as a piece of glass, then s i is 
the incident, and i o the refracting ray. 

Refraction, ordinary. Light is said to suffer ordinary 
refraction, when both the incident and refracted 
rays are in a plane at right angles to the re- 
fracting surface. This plane is called the plane 
of ordinary refraction, and the refracted ray is 
named the ordinary ray. 

Refraction, extraordinary. Light is said to suffer 
extraordinary refraction, when it is refracted in 
a different plane from that of ordinary refraction. 
The plane in question is called the plane of 
extraordinary refraction, and the ray so refracted 
is named the extraordinary ray. In Iceland 
spar, and other doubly refracting substances, 
with one optic axis, the incident ray is split into 
two, one of which suffers ordinary, and the other 
extraordinary refraction, but in all doubly re- 
fracting substances, having two optic axes, both 
rays suffer extraordinary refraction. 
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Remlfing force. The force resulting from the joint 
effects of a number of forces. 

Retrograde motion of a celestial body. Its motion 
from east to west, or contrary to the signs of the 
zodiac. 

Revolution of a planet. Its motion round the sun. 

Revolution, sidereal. The consecutive returns of a 
planet to the same star. 

Revolution, tropical. The consecutive returns of a 
planet to the same tropic or equinox. 

Rhotnb. A plane four-sided figure, whose opposite 
sides are equal and parallel, but all its sides are 
not equal, nor are its angles right angles. 

Rhomboid or rhombohedron. A soUd formed by six 
planes; the opposite planes being equal and 
similar rhombs parallel to one another, but all the 
planes are not necessarily equal nor similar, nor 
are its angles right angles {Pig» 14.) 

Fig. 14. 




Rotation. The motion of a body round an axis. 

Sauri or Saurians. Reptiles of the lizard kind, as 

crocodiles. 
Secular ineqitoHf^^'^ Variations in the motions of 

2 G 
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the heavenly bodies, requiring many ages for 
tlieir accomplishment. 

Sidereal day. The time included between two con- 
secutive transits of the same star at the same 
meridian. 

Sidereal year. The time included between two con- 
secutive returns of the sun to the same star. 

Sifie, The perpendicular drawn from the extremity 
of an arc to the diameter of a circle, c d, (Jig. 5,) 
is the sine of the arc c b. 

Solstices, The points in which the sun is farthest 
from the equator. ^ 

Solar spectrum. The coloured image of the sun 
refracted through a prism. 

Space. The boundless region which contains all 
creation. 

Species of plants. Plants of the same kind. 

Sphere. A solid formed by the rotation of a semi- 
circle about its diameter. 

SpherM of revolution, or Ellipsoid, A solid formed 
by the revolution of an ellipse about one of its 
axes. The spheroid will be oblate or prolate, ac- 
cording as the revolution is performed about the 
minor or major axis of the ellipse. Spheroids 
are sometimes irregular in their form. 

Spiral. A curve like a watch spring. It may be cir- 
cular, like a thread wound about a round rod ; or 
elliptical, like a thread winding about an oval 
stick. 

Stratum, A layer. 



I 
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Subtend, To be opposite. In Jig, 5, the arc c b 
subtends the angle cab. 

Sulphate qflime. A mineral capable of being split 
into thin transparent plates : it consists of 32 ' 7 
of lime, 46 '3 of sulphuric acid, and 21 of water. 

Synodic revolution of the moon. The time between 
two consecutive new or full moons. 

Syzygies, The points in the moon's orbit where she 
is new or full. 

Tangent. A straight line touching a curve in one 
point, as T ^ ^^fg' 2. 

Tangential force, A force in the direction of the 

tangent. 
Time, true. Time shown by a dial, or apparent 

time. 

T\me, mean. Time shown by ordinary clocks and 
watches. 

Thermo-electric currents. Streams of electricity, ex- 
cited by heat. 

Transit, The passage of a body across the meridian 
of a place. 

Transit of Venus and Mercury, The apparent pas 
sage of these planets across the sun's disc. 

Trigonometrical measurements. Mensuration of the 
surface of the earth by a series of triangles. 

Tropical year. The period between the consecutive 
returns of the sun to the same tropic or solstioe. 

True distance. The actual distance of a body from 
the sun, or of a satelUte from its planet. 

2 Q 2 
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Undulation, A wave. 

Unduiatory theory. The mechanical principles of 
the motion of waves. 



Vapour, Steam. 

Variation, A periodic inequality in the motion of 
the moon. 

Variation qf the compcus. The deviation of Aft 
compass needle from the true north. 

Vertical. The direction of the plumb-line. . 

Vertical plane. A plane passing through the {dumb- 
line, consequently at right angles to the horinn. 

Vesicles. Small hollow spheres of water. 

Vibration. A motion to and fro. 

Visual ray. A ray of light coming from any olgect 
to the eye. 

Volta-electric induction. The disposition of elec- 
tric currents to produce similar currents in bodies 
near them capable of receiving them. 
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Aberration of light, 31 

Acceleration of the moon, 
39 

Action, compound and dis- 
turbed, of the spheres, 12 

Air, elasticity of, 90 

Airy, Professor, 218, 225 

Algae, 279 

Algol, the star, 388 

Alps, the, 273 

Amazons, river of the, 117 

Andes, the, 134 

Arabian science, 108 

Arago, M., 135, 219, 266, 341 

Arcs of the meridian, mea- 
surement of, 54, 56 

Asia, north-west basin of, 
133 

Astronomy, physical, 1; di- 
visions of the science of, 
68,96 

Astronomical tables, 68 

Atmosphere, the, 123, 129, 
130,137,163,296 

Attraction, its power uni- " 
versal, 1 



— ^— and repulsion, elec- 
trical, 291, 354 

, capillary, 123; 125 



Aurora Borealis, 172, 299, 
323 

Axis of the earth, 59 

Bacon, 33 

Barometer, the, 131 

Battery, voltaic, 304, 355 

— , galvanic, 305 

Biot, M.. 214, 348 

Birds, 283 

Black, or Negro, 284 

Bradley, Dr., 94 

Caesar, Julius, 100 

Caloric, rays independent 
of light, 228, 232 

from all substances. 



239 



diffusion, 240 
combustion, 241 



Catalogue of stars by Her- 
schel, 392 

Celestial bodies how seen, 
164; phenomena of re- 
fraction, 167 ; atmos- 
pheres of, 252 

Centrifugal force opposed 
to the law of gravity, 49, 
52 ; its action on the sea, 
121 

Chaldeans, observations by 
the, 37, 40 
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Chimborazo, Mount, 56 

China, observations made 
in, 104 

Chladni, experiment of, 147 

Christian era, the, 100 

Chronology of the visible 
heavens, 389 

Climate, 257,267,271 

Coal, 83 

Cold, 264, 266 

Colours, prismatic, 172 et 
seq.; of the stars, 393 

Columbus andLerius, 280, 
314 

Comets, theory of, and de- 
scription of Encke's and 
other remarkable comets, 
67, 359 to 383 

Compass, the mariner's, 313, 
330 

Compression, doctrine of, 
90 

Conductors, electrical, 294, 
298 

Conjunction of planets, 
dates of, 46 

Connexion of the physical 
sciences, conclusion, 413 

Constellations, motion and 
revolution of, 391 

Crystal, 212 

Crystallization, 235, 243, 
308 

Curvature of the earth, 54 

Day, the solar, 97 

, divisions of, 98, 107 

Dew, phenomenon of, 240 

Diameters of the sun and 
planets, 67 
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Diaphanous bodies, 213 

Distances in the universe 
calculated, 47, 48, 66 

Dynamics, principles of, 81; 
the theory of, 411 

Ear, the, 142, 148 

Earth, its rotation uniform, . 
21, 80 ; its circumference, 
57 ; its fires, and heat 
from the sun, 82, 85,; 
eccentricity of orbit^ 85 ; 
whether cavernous, 90 ; 
theories, 95, 370 

Earthquakes, the noise of, 
151 

Echo, 150 

Eclipses, comparison of;D7, 

40 

description of lunar, 

of Jupiter's satellites 

is chronometrical, 30 

Ecliptic, the, 94, 103 

, variation of the, 20 

Egyptians, astronomy of 
the, 105 

Elastic bodies, vibrations of, 
153 

Electricity, science and phe- 
nomena of, 151, 285 et 
seq. 303, 353 

Electrics, Non, 289 

Electro-magnetism, 324,330, 
340, 343 

Elevation of the earth at 
the equator, 51, 59 

* Ephemeris,' the, 47 

Equator, the, 50, 94, 265,311 

Equinox, vernal and au- 
tumnal, 41 
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Eras and chronology, 100, 

103 
Ether, all-pervading, 359 

Ethereal medium, the, 192, 

217 
Eudoxus, 105 

Existence, grades of, 234 

Faraday, Mr., 325, 336, 340, 

356 
Figure of the earth, 48, 54 , 

106 
Fire, production of, 241 

Flora, reign of, 273, 277 

Fluids, properties of, 214, 
219, 235, 249 

Forests, influence of, 264 

Fresnel, M., 216, 218 

Frost, hoar, 240 

Galvanism, 300 et seq. 345 

Galvanometer, 351 

Geology, 83 

Glass, musical vibrations of, 
157 ; prismatic phenome- 
na, 172, 188 ; relraction 
and polarization of light 
by, 203, 216; imperme- 
able to rays of solar heat, 
229, 232 

Gravitation, 410 

Gravity, variation in, 50 
Gymnotus electricus, 357 

Heat, the earth's, 82; solar 
radiation, 84, 228, 238; 
of the atmosphere, 132; 
theory, 244 

Herbarium, Tartar, 275 

Herschel, Sir William, 79, 
228, 236, 384, 392, 397 

, Sir John, 147, 195, 

386,391,398 



Herschel, Miss Caroline, 
398 

Hipparchus, 93 *' 

Horizon, its density of at- 
mosphere, 171 

Horoscopes, accordance 
with astronomy, 106 

Humboldt, Von, 132, 134, 
146, 258, 280, 348 

Ice, formation of, 83 ; thaw, 
247, 271 

Icebergs, '23 

Indians, their lunar tables, 
104 

Inequalities, secular and 
periodic, 17 

Insects, 283 

Interferences, laws of, 152, 
i57, 184 

Iron, 321 

Isothermal lines, the, 267, 
269 

Italy, the north of, 56 

Ivory, Mr., investigations 
by, 49, 56 

Jupiter, the revolution of, 
17, 24; satellites of, 38, 
79 ; magnitude of< 67 ; 
density, 96 

Kater, Captain, 106 

Kepler, theory of, 7, 18, 64, 
74, 362 

La Grange on Periodical 
Inequalities, 21 

Language, its vocal articula* 
tions imitated by instru- 
ments, 162; primitive 
tongues, 284 

La Place '^ '"' " 101. 
103, 1 



L«roche>i eiperimenti i 
optica, 239 — 233 

Latitude, degrees or, 54 
Leydenjar, the,297, 355 



mospberii 
thesi ' 



ction on, 163; 



.._eiperiinents, 17?; the 
Newtonlm theory, 181 ; 
its ethereal medium, \S'A, 
SIT ; allied with rays of 
caloric, 233 ; from calo- 
ric, 241,358 

, Ita velocity calcu- 
lated, 413 
Lightning, 397, 304 
Magnet, the, 309—339 
Magnetic pole, the. 310 
Magnetism, theory o(, 309, 

319-340 
Malus, M,, optical disco- 
Man, frnme of, 351 ; species 

of, aB3 
Marine plants, 2T9 
Mara, the planet, 64, 354 
Matter, properties of, 129 ; 
temperature of 239 

onli'ght,315 
Measures, standard of 

weighlaand, t06 
Mechanical agents and 

[lowers, 349 
Mel I on i, M., experiments, 

230 et teq. 
Mercury, 3^7 
, the planet, 355, 362 



Meridian, terrestrial, 54 
Meridians, whether ellipti- 
cal, 56 1 length of a de- 
gree, 57 
Metals, dilation of, 343,300 
Meteoric stonea, 405, 40fi 
Milky way the, 00,395 
Mirage of deserts. lS9 
Momentum, primitive ^a- 

MooQ, the, 34 ; diatance of. 



and earth, reciprocal 

influence, 10, 38, 77, 94 j 
calculation of distanco. 



lusic, elements of, 155.157, 
15^, 160 : musical arlicu- 



Lgnitude, 395, 397, 399, 

'., 4t4 
Needle, the magnetic, 310 

on, 1, 21, 50, 173, tl 
seq. 
Occultatlon of stars, 46 
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Ocean, density of the, 51, 
60; of the Pludfic, 88; 
tides, 108 

Optics, ]72, 179,210,223 

OriDoco, cataracts of the, 
147 

Otaheite, obseirations by 
Cook at, 64 

Pallas, planet, 68 

Papyrus, date of a MS., 106, 
115 

Parallax, definition, 61 

Parry, Sir Edward, 123, 310 

Pendulum, oscillations of 
the, 58—61, 106 

Perpetual motion, 323 

Phases of the moon, 42 

Phenomena of refraction, 
166 et uq,; prismatic, 
172, 188; of periodical 
colours, 223 

Plane of the centre of gravi- 
tation, fixed, 22, 24 

Planetary eclipses, 46 

Planets, theory of the, 1 1 

, their masses, 66 

', the minor, 16, 68 

, orbit varied, 1 1 

Plants of various climes, 
276, 278 

Platina wire, 340 

Poinsot, theory of M., 23 

Polarity of the magnet, 317 

Polarization of light, the, 
195, 207; experiments, 
212, 214, 317 

Poles, the, 83, 87 

of maximum cold, 

208 ' 



Precession and nutation. 
93,95 

Probabilities, the theory of. 
71 

Problem of the three bodies. 
69 

Proportion, law of definite. 
129 

Quadrupeds, 283 

Radiation, principle of, 239 

Rays of light, 163, 165, 198, 
220 

of heat, 228—238 

Reflection, phenomena of 
luminous, 169, 170; law 
of, 250 

Refraction of light, 164, 166; 
double image, 199, 202 

Retina, images, accidental 
image, and imagination. 
180 

Rlchter's observations at 
Cayenne, 61 

Rivers, declension in the 
bed of, 53, 80 

Ross, Captain, 311 

Rotatory motion, 325, 341 

of the earth, 33; of 

planets, how proven, 72 

Salt, rock, permeable to 
rays of heat, 232 

Salt and sugar, attraction 
or absorption by, 127 

Sap, vegetable, experiments, 
217 

Satellites, law of planetary, 
7,26 

Saturn, the planet, 24 

— , description of, 74, 96 

Scoresby, Captain, 168 

2h 
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Sea- weed, 230 

Shadow of the earth, 42 

Shell.fish, 232 

Shells, marine and fossil, 86 

Sidereal astronomy, 386-95 

Sight, sense of, 233 

Silence of the night, 148 

Slrius, 335 

Solar eclipses, 44 

Solstices, the, 103 

Sound, theory of, 134, 137, 
221 

Snow, perpetual, 260 

Space, the immensity of, 407 

Spar, Iceland, 199, 202 

Spectrum, the solar, 228-38 

Stars, the fixed, 23, 65, 333 ; 
magnitude of the fixed, 
385 ; first observation 
made of some, 386 ; some 
disappear, and at certain 

Eeriods re-appear, 387 ; 
inary or double stars, 
392 ; colours of, 393 

Steam, elasticity and ex- 
pansion, 248 

Sun, the, is* the centre of 
universal gravitation, 7 ; 
distance of, 47 ; parallax 
of, 63 ; rotation of, 72 ; 
the solstices, 103 ; the 
sunbeam, 172 

Syrup, physical facts, 215 

Temperature, observations, 
82,85,256,271,272 



I 

1 



Thermo-electricity, 356 

Thermometer, the, 123, 125 

Thunder, 151 

Tides, described, 108 

Time, mean solar, 98; deci- 
mal division, 98, 107 

Torpedo, the, 308, 356 

Tourmaline, 209,211 

Trade-winds, the, 122, 135 

Universe, the, 22, 374 

Uranus, his satellites, 34; 
distance from the sun, 64, 
253 

Vegetation influenced by the 
decrease of temperature, 
272 ; extraordinary, 273 ; 
comparison of various ex- 
amples of, 274 

Velocity of light, 33, 187 ; 
of sound, 144 ; of electri- 
city, 151 ; of coloured 
rays, 226 

Venus, the transits of, 62 ; 
climate of, 255 

Voltaic electricity, 303, 332 
vibrations, aerial, 141, 
224; of elastic bodies, 152; 
of sonorous bodies, 151; of 
light, 219 

Water, a conveyer of sound, 
145, 152 

Waves, description, 118 

Week, 100 

Year, the, and the seasons, 

• 93,97, 102 

Zinc, oxidation of, 300 
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